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Electricity’s Part in Open Cut Copper Mining 


BY R. J. CORFIELD: 


Associate, A. I. E. E. 


Synopsis.—This paper describes the electrification of a large 
open cut copper mine, covering 725 acres, operating 23 modern electric 
shovels, 39 special type electric locomotives, approximately 50 
mt. of overhead trolley construction, and a rather elaborate shovel 
and locomotive feeder system. 

The main power supply and receiving substations for the electrifi- 


cation are described, and the method of protecting main line trains 
between mine and concentrating plants with automatic block signals 
directed by dispatcher through centralized traffic control, illustrated. 

Miscellaneous uses of electricity at the mine and plants are dis- 
cussed, and operating statistics covering one year’s operation are 
included. 


INTRODUCTION 


HIS mine, (Fig. 1) is, in reality, a mountain of low- 
grade copper ore opened in 1906; and even at 
that early date, mining on a large scale, using 

railway type steam shovels and standard gage rolling 
stock, was contemplated, From a small beginning, 
additional equipment was added until in 1922, there 
were 23 steam shovels and 50 steam locomotives operat- 
ing to remove ore and waste at the rate of 100,000 tons 
per day. 

Early in 1922 consideration was given to the econo- 


superior to steam shovels, and considerable economy was 
shown, together with other advantages that could not be 
capitalized. Tests over a period of several months led 
to the purchase of more electricity until there are now 
eight a-c. equipments and fifteen d-c. equipments, and 
none for steam. Fig. 3 is a view of a modern electric 
shovel. 


SHOVEL CHARACTERISTICS 


The electric shovel was primarily designed to replace 
the steam shovel which, were it not for it’s poor economy 
and high maintenance, would be ideal in its control. 


Fia. 


mies which would accrue from electrification. Electric 
shovels and locomotives were then well developed and 
preliminary study indicated that electrification was an 
economical and progressive move. 


TYPES OF LOADING EQUIPMENT 


At that time considerable diversity of opinion existed 
regarding the relative merits of direct current and alter- 
nating current for shovel drive, and as a large fleet of 
shovels was to be purchased, it was thought advisable 
to purchase one of each type, testing them in actual 
operation. Either of the electric drives proved to be 
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The electric shovel should therefore be designed with a 
type of control to duplicate the steam characteristic as 
nearly as possible. Comparative contro! characteris- 
tics are shown in Fig. 4, and it will be noted that for 
this class of service, the Ward Leonard system of control 
is nearly ideal. : 

Three types of motors are available for d-c. shovel 
drive; 7. e., shunt-wound, compound-wound, and series- 
wound. Which is best suited to service depends upon 
speed requirements and the nature of the material to 
be handled. 

Typical graphic charts showing power input, peaks, 
and general character of the duty cycle, are given in 
Fig. 5, for d-c. equipment, Fig. 4 illustrates a-c. 
equipment. 
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An examination of these charts shows clearly the 
necessity for sturdy electrical equipment. Torques 
being greater with the electric drive it is necessary to 
strengthen the mechanical parts of the shovel. This 
will result in fewer mechanical delays and prove a 
contributing factor to electrification economies. 


LOADING CAPACITY 


As a continuous source of power is available, and 
electrical delays are generally confined to control 


Fig. 


3—ELEcrric SHOVEL 


equipment, the electric shovel is capable of loading 
material more rapidly than its steam competitor. With 
steam equipment, steam pressures vary over a wide 
range, and repairs are usually of such a nature as to 
cause a shut-down. 

A railway type of electric shovel with a 41%-cu. yard 
dipper will load, roughly, 14 tons of material per 
minute, or 6720 tons per shovel shift; however, the 
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Fic. 5—Power Input Curve, D-c. Equipment 


operating time factor is about 80 per cent, and as cars 
are not always available, the maximum tonnage is 
about 105,000 per day. 


MINE TRANSPORTATION 


The quality of ore varies from 35,000 to 50,000 tons 
per day while the waste tonnage varies with the mine 
development. The ore after being loaded must be 
transported to various assembly yards, while the waste 
is dumped in adjacent ravines. This work is per- 
formed by 389 electric locomotives of special design. 
Because of complexity of trackage, these locomotives 
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are equipped with a standard pantograph, two side-arm 
trolleys, a cable reel, and, in some cases, a 680-ampere- 
hour 240-volt storage battery. Fig. 7 shows a stand- 
ard locomotive, while Table II is a condensed speci- 
fication. These locomotives will haul a trailing load 
of 250 tons up a 4 per cent grade at 10 mi. per hour, with 
a power input of approximately 825 kw. 

Motors, totally enclosed, are equipped with anti- 
friction bearings, have a one-hourrating of 280 amperes, 
and a continuous rating of 120 amperes. Control is of 
the conventional electromagnetic type with 22 con- 
troller points. 


TROLLEY SYSTEM 
As no trackage is permanent and temporary trackage 


Fig. 


7—Tyricat Evecrric LocoMOoTIVE 


is laid to curves varying from 0 deg. to 40 deg., an ade- 
quate trolley system for supplying this fleet of locomo- 
tives presented considerable difficulty. 

Various types of structures were devised and have 


TasBLE JI—LocomorivE SPECIFICATIONS 


Rigid WiheeluBaseaa cesar 8 in.-0 ft. 
Total Wheel Base............... 25 in.—2 ft. 
Wiheell Diameters @2.5. 5.9.5 seer 44 ft. 
Length Inside Knuckles.......... 36 in.—6 ft. 
Weight: <..ft cg eben a ee ee 154,000 lb. 
Compressor Capacity............ 150 eu. ft. 

Motor Rating (One Hour)........ 261 Hp. at 105 deg. cent. 
Gear*Ratiotea sheet oe Sores 

Rail Clearance sso; ..yaeee eee 43¢ in. 


given excellent service. All trolley construction is di- 
rect suspension with the exception of the Bingham 
Yard, which is catenary on steel structures, spaced 
200 ft. 


MAIN LINE TRANSPORTATION 


The ore cars after being transported to the various 
assembly yards are consolidated into 50-car trains and 
hauled to the concentrating plants—a distance of 18 
mi. This work is done by seven Mallet locomotives 
weighing 316 tons each. The railroad, known as the 
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Bingham & Garfield, is a single-track road with six 
passing sidings. Complete A.P.B. block signaling 
is provided, together with remote-controlled electrically- 
operated switches. Traffic is governed by dispatchers 
with the aid of a centralized traffic control system. 


PLANT OPERATION 


Upon arrival at the plants, the 50-car trains are broken 
up into 10-car cuts which are run over car dumpers, 
either one or two cars being dumped at one time. The 
ore is given a preliminary crushing to reduce it from 
mine size to approximately eight-inch; further crush- 
ing and grinding reduces it to minus 100 mesh. 

This material is fed to the flotation plant, where the 
ore and gangue are separated, the concentrated copper 
going to the dewatering plant to be prepared for initial 
refining at the smelter. 

This work is done by about 3000 motors, varying in 
size from 14 to 850 hp., most of them being of the 
standard snarls -cage induction type. Synchronous 
motors are used wherever possible and all new drives 
are carefully analyzed with the idea of using synchro- 
nous instead of induction motors. All new motors are 
purchased with anti-friction bearings, and conversion 
from sleeve to roller bearings has been going on for 
several years. Motors are started across the line by 
means of contactors, many of which are designed and 
built by the company’s forces. 

Miscellaneous uses about the plant include electric 
rivet heaters, hot plates, acid and water heating, pipe 
annealing, floodlighting, etc. 


POWER SUPPLY. 


Power for these operations is furnished by the Utah 
Power & Light Company, and is received at a central 
substation at 120,000 volts. Three transformer banks, 
with a total capacity of 62,000 kv-a., step down from 
120 kv. to44kv. All 120-kv. apparatus is installed out- 
doors, while the 44-kv. oil circuit breakers and control 
equipment is indoors. Fig. 15 is a general view of this 
station. 

Seven 44-kv. feeders are carried to seven substa- 
tions,—five at the plants and two at the mine. In an 
industry of this kind continuity of service is the primary 
consideration; accordingly, duplicate lines are carried 
to each mill substation and ring busses are used to gain 
switching flexibility. 

Each substation has a spare transformer arranged to 
spare any other unit with a minimum of delay. Secon- 
dary voltage is 440, and is transmitted by means of 
three-conductor cables to the various mill circuits, each 
circuit being protected by an automatic oil circuit 
breaker. 

Power is transmitted to Bingham over a two-circuit 
steel tower line, approximately 14 mi. long, and dis- 
tributed to two composite shovel and railway substa- 
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tions (Fig. 19.) These shovel substations, which are of 
the outdoor type, each contains two banks of trans- 
formers rated at 1200-kv-a. each, the secondary voltage 
being 5500. This energy is transmitted over duplicate 
wood pole lines arranged to completely encircle the 
mining area. These trunk lines are tapped at both ends 
of each bench and carried across the bench on a specially 
designed portable steel tower. 

Railway substations are of the semi- one type, and 
are automatic. Each station contains four 1000-kw., 
750-volt, 1200-rev. per min., shunt-wound converters, 
all tied to a common bus from which eight 1,000,000- 
cir. mil feeders are taken. In the majority of cases, 
these feeders, are carried on the poles supporting the 
trolley. 

The magnitude of these operations may be more easily 
visualized by consulting the following statistics, repre- 
sentative of one years operation: 


Monsiohore loaded. cate ete ee eee 16,556,070 
MONS sot ewalstenlOc dca eae ne eee ane 14,400,170 
Totalttonssoadcde pare weet aa ene 30,956,240 
Tons of ore hauled by electric locomotives........ 16,031,728 
Tons of waste hauled by electric locomotives....... 5,465,939 
Total tons hauled by electric locomotives. .. 21,497,664 
Kilowatt-hours used by electric shovels........... 6,190,136 
Kilowatt-hours used by electric logomotives....... 7,036,604 
Total kilowatt-hours used by Utah Copper 
Company Set roe eee 2c) ol rae ee 323,454,428 
Average yearly load (kilowatts).................. 36,924 
Maximum load for year (kilowatts).............. 45,155 
Annual load factor (percentage)................. 81.8 


In an undertaking of this kind, many problems 
present themselves for solution, and the author wishes 
at this time to express his appreciation to the mine 
operators for their fine cooperation. 


NEW WALDORF-ASTORIA TO HAVE 
LARGEST CENTRALIZED RADIO 


The largest centralized radio reception system ever 
designed, capable of intercepting and delivering six 
selected radio programs to loudspeakers in the 2000 
rooms of the new Waldorf-Astoria Hotel in New York 
City, will be in operation when the building is opened 
to the public, according to the designer, J. J. Kuhn, 
of the Bell Telephone Laboratories, New York. The 
entire installation will cost nearly $200,000, and be- 
sides the speakers in the guest rooms there will be 
thirty-nine large horn speakers concealed in the walls 
or ceilings of the fifteen public rooms. The largest 
power amplifier ever designed, consisting of twenty- 
one separate panels, larger than any similar broad- 
casting station equipment in the country, will be 
used to intensify programs received over the radio 
or the addresses or music picked up from a function 
held within the hotel. More than 1,000,000 feet 
of wire, in the form of strands in metal shielding, 
will convey the programs from the amplifier to each 
of the rooms—Telegraph & Telephone Age. (Sept. 1930) 
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Calculation of Mechanical Performance 


of Oil Circuit Breakers 
BY A. C. SCHWAGER: 


Associate, A. I. E. E. 


Synopsis.—This paper describes the methods of calculating 
mechanical performance of a typical rotary type oil circuit breaker, 
operated by a spring-actuated motor control. For a given spring 
characteristic, the motion of the breaker is predicted, and time required 


to reach any position, and the speed at that position, calculated. 
General formulas are set up. 

A mechanical test is performed on a specific breaker and a com- 
parison made between calculated and tested results. 


N the early days of oil circuit breaker design, when 
operating speed and time were of no consideration, 
gravity was the only force relied upon for the open- 

ing of a vertical-break breaker. There was no dynamic 
problem existing; the motion of the blade simply fol- 
lowed the laws of a falling body. 

With the requirements of today, which call for shorter 

operating times and higher speed, the dynamic problem 
has become of increased importance. 


Fie. 1a—Orin Crrcurr BREAKER WITH CONTROL 


A travel-time chart of the moving contact during the 
stroke is the most direct indication of mechanical 
performance; from this it is possible to measure the 
time that is required to reach a certain position,—var- 
ticularly that of are length,—and to calculate the ve- 
locity at each point. 

If the designer has at his disposition a complete line 
of breakers and controls, and is confronted with the 
problem of furnishing a breaker to give specified 
characteristics, the proper control is best selected by a 


1. Oil Cireuit Breaker Design Engr., Pacific Electric Mfg. 
Corp., San Francisco, Calif. 
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test consisting of the determination of the time-travel 
chart of the combination. 

For a given size of operating mechanism, various 
means are available to change its total energy output 
as well as the power delivered over the stroke. In the 
case of a solenoid control mechanism, the ampere-turns 
of the closing coil may be varied arbitrarily. Adjust- 
ment of the motor current in centrifugally-operated 
breakers provides for the proper energy range, while the 
springs of a spring-actuated control can be varied as 
regards pressure and pressure distribution over both 
opening and closing stroke. 

In the most usual case, however, a new type of 
breaker and control has to be designed and the prob- 
lem presented is more difficult, the possibility of 
prediction of the time-travel chart being of marked 
importance. In the following, the method of its 
calculation is developed for a typical rotary type 
oil circuit breaker with spring-actuated motor-wound 
operating mechanism. For the sake of simplicity, 
only the opening stroke is considered, the closing 
stroke calculation being similar. 


Fig. 1A shows the first unit of a 115-kv. breaker with 
control for position during the opening stroke, power 
being transmitted from the main control shaft through 
a connecting link to the horizontal shaft of the breaker, 
and through a set of bevel gears to the rotating unit, 
(Fig. Ic). The control shaft travel is 40 deg.; that of 
the horizontal and vertical shaft 90 deg. and 72 deg., 
respectively. 


KINEMATICS OF SYSTEM 


The schematic diagram in Fig. 3 shows the breaker 
and control for position during the opening stroke. 


a = Angle at which vertical shaft is out of closed 
position. 

8 = Angle at which horizontal shaft is out of closed 
position. 

y = Angle at which control shaft is out of closed 
position. . 

b = Normal distance between connecting link and 
control shaft. 

a = Normal distance between connecting link and 


horizontal shaft. 
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#, = Angular velocity of vertical shaft in radians per 


sec. 

w, = Angular velocity of horizontal shaft in radians 
per sec. 

w, = Angular velocity of control shaft in radians per 
sec. 


I, = Moment of inertia of all parts rotating around 
the vertical shaft of one unit with reference to 
the shaft. 


I, = Moment of inertia of all parts rotating around 
horizontal shaft. 

I, = Moment of inertia of control during opening 
stroke referred to the main shaft. 

The system consists of three main rotating shafts, 
as follows: (1) Oil circuit breaker vertical shaft; (2) 
Oil circuit breaker horizontal shaft; and (3) Control 
operating shaft. 

For every position of one shaft, there is one definite 
position for each of the remaining two shafts. If one 
shaft is rotating with a certain angular velocity through 
a certain position, the two other shafts are rotating 
with different angular velocities through their positions. 
In considerations for the future, the vertical rotating oil 
circuit breaker shaft, is chosen for primary reference. 

Relation of Horizontal to Vertical Shaft. As stated 


Fic. 1c—Verticat Roratine BuapE UNIT 


before, the vertical shaft travel is 72 deg. against 90 deg. 
in the horizontal shaft, thus: 
On = Zon Wy (1) 


Relation of Control-Operating Shaft to Horizontal 
Shaft. The relation between these two shafts is more 


a ° 
complicated. The coefficient D = rare gives the ratio 


of the angular velocities: 


@, =D). os 


(2) 
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It is evident that D changes with each position. 

The coefficient D is also essential for the determina- 
tion of the torque relation in the various shafts. Ifa 
torque is available at the control shaft, the correspond- 
ing torque around the horizontal shaft follows from: 


SR i Mpa (3) 


Finally, assuming distribution to be equal among 
the three shafts, the torque appearing at a single verti- 
cal shaft is: 


1 
Ty, = D.T..3 1.25 = 0.42.D.T. 


(4) 

Forces Acting upon the System. The following exter- 
nal forces, listed in order of their importance, have to 
be considered: Spring pressures of control; friction 
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Fig. 3—Sineue-LingE Diagram or ConTROL AND BREAKER 


between stationary contacts and blades while in con- 
tact; friction between rotating units and oil; friction 
of bearings; and gravity. 

The resultant of all these forces, for each position of 
the stroke, will produce a certain torque which when 
referred to the vertical shafts will be denoted Ty. 
This is the torque available for acceleration; its varia- 
tion is shown in Fig. 5 Curve A. (For a more com- 
plete analysis of 7’, see Appendix in the complete 
paper). 

DYNAMICS OF THE SYSTEM 

Applying the energy equation, and denoting by Ea 
the potential energy which has been transformed into 
kinetic energy in the moving parts of the breaker, and 
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control at the position a of the vertical shaft, it follows 
that, 


EB J begat I, wi? RAN beac) 6) 
ee 29 29 
where H, can be expressed as: 
Be = hs ihr da (6) 
From Equations (1), (2), (3), (4), and the definition, 
ian = 81257 es (7) 
is obtained, 
ior 
J Patia= =p co Cos SDT) 8) 
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replaced by a, it being always understood that it refers 
to the vertical shaft. 
The final formula for the angular velocity at the 


position a is, 
f Re Gia 


This is the equation for the travel-velocity curve. 
The formula for the time required to reach position 
a is obtained from 
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by integrating 
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Fig. 6—VeErRTIcCAL SHarr Torqurz, Resuttring ENERGY AND 


ANGULAR VELOCITY CURVES 


This is the equation for the travel-time curve. 
Method of Computation of w and t. In Equation (10) 
two quantities vary with a 


Jf Tad wand D* (a) 


The procedure is to compute each one separately as a 


function of a. S/T, d a, representing the energy used 
up for acceleration up to position a, is obtained as the 
area below the torque curve. 

Fig. 6 shows torque 7, the resulting energy and 
angular velocity curves for a given opening spring 
combination of the breaker under consideration. 


ul 
The area under the curve gl represents the time 


required to reach position a. (See Fig. 7) 

The time obtained from Fig. 7 is measured from the 
instant the breaker starts to move; to this time has to 
be added the time delay in the electrical trip system. 
This time delay, for a certain control is known by tests. 
It is not the intention of this paper to deal with the 
electrical part of the tripping problem. 

Referring to Fig. 6, the velocity attains its maximum 
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value at the end of the stroke. To bring the breaker 
to rest, the kinetic energy of all the moving parts 
would have to be absorbed instantly, causing excessive 
shock, vibration, and possible destruction of parts. It 
is thus essential that to bring the rotating masses 
smoothly to a complete stop a dashpot be applied in 
the last part of the stroke. To impose the smallest 
possible stresses to the parts, this has to be so designed 
as to give a constant dashpot force. 

When considering the simplified arrangement shown 
in Fig. 11, the requirements of a constant dashpot force, 
are a constant pressure, a constant retardation, and a 
linear decrease in velocity. 

A constant pressure in the dashpot cylinder causes 
the oil to leave at a constant velocity independent of 
the size of the aperture, and determines its area, to 
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Fig. 7—Time—TRaveu Curve 
decrease proportionately with the velocity. Denoting 
with, 


M 2 
E= - = Total kinetic energy to be absorbed 
F = Area of dashpot piston 


d = Stroke of piston 

fo = Cross-section of aperture for t = 0 
v, = Velocity of piston for t = o 

v, = Velocity of oil through aperture 

p = Pressure of liquid 

kK = Conversion constant. 


one gets, 
Pip af sd (14) 
And with 2 = /2gKp 


and condition of incompressibility, f.v, = F'.v., one 
arrives at the following formula for the initial area of the 


aperture; 
Vie = We \ 


COMPARISON BETWEEN CALCULATION AND TEST 


In the foregoing analysis, the calculation of the time- 
travel chart for an oil circuit breaker has been outlined; 
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in the following, the curves calculated will be compared 
with charts obtained from tests on an actual breaker: 

Curve A in Fig. 14 is the test curve for the opening 
stroke. Choosing the instant of relay contact closing as 
the origin of time, we note that a certain time de- 
lay becomes apparent before the breaker starts to move. 
This time delay is caused by the electrical tripping 
mechanism. 


11—Scuermatic ARRANGEMENT OF DAsHPOT 


Fig. 


In the calculation this has not been included and 
the calculated charts thus start at the ordinate 7. 

Curve B is the calculated curve of the breaker tested 
above. It is seen that the two curves show a very close 
agreement both in the accelerating as well as in the 
retardation period which latter is controlled by the 
dashpot action. 

In conclusion, it follows that the method of speed 
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Fig. 


and time determination developed makes possible the 
design of equipment to perform within technical 
accuracy of specified requirements. 

A thorough investigation of the formulas reveals the 
importance of each quantity involved, and enables the 
selection of the kinematic arrangement in such a man- 
ner that the design can be carried out with the greatest 
possible economy. 
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Steam Power Development 


of the Pacific Gas & Electric Company 
BY RICHARD C. POWELL! 


Associate, A. I. E. E. 


Synopsis.—Improvements in steam power generation, and 
economic changes in the fuel supply, have caused increasing interest 
in steam power on the Pacific Coast. 

After a brief history of the development of steam power on the 
system of the Pacific Gas & Electric Company, the author discusses 


some of the fundamental factors entering into the problem of pro- 
viding additional steam plant capacity for this company in accord 
with the changed economic conditions. 

The author describes recent work completed and under construc- 
tion and gives some of the economic results obtained and expected. 


INTRODUCTION 


vANe a result of recent progress in the art of electric 
generation by steam power, most of the utilities 

on the Pacific Coast are either engaged on or 
planning power developments in which steam is pre- 
dominant or occupies a very prominent position. 
Consequently, the economics and design of steam plants 
formerly of little interest to most Pacific Coast utility 
executives and engineers, are now of increasing 
importance. 

In this paper will be discussed some of the funda- 
mentals entering into the problem of increasing the 
steam-electric generating capacity on the system of 
the Pacific Gas & Electric Company and a brief de- 
scription will be given of work recently completed and 
under construction. 

HISTORY 


The electric system of the Pacific Gas & Electric 
Company and its subsidiaries, as it now stands, is 
essentially an interconnected system supplying service 
to almost the whole of Northern and Central California, 
an area roughly 425 mi. long and 150 mi. wide, with 
a peak demand of about 850,000 kw. and an annual gen- 
eration of about 4,500,000,000 kw-hr. Fig. 1 is a map of 
the generating and transmission system. Out of a total 
of 1,100,000 kw. in generating capacity, 300,000 kw., 
or roughly 30 per cent, is in steam. It has reached its 
present size by consolidation and extension covering a 
period of over 40 years. The nuclei for this growth 
were the independent systems which had been started 
in San Francisco, Oakland, Sacramento, and San Jose, 
all supplied from generators driven by steam engines. 

About 1900 the development of high-voltage trans- 
mission permitted water-power to be brought to these 
and other cities at a much lower cost than steam power, 
which was then unable to hold its position and was 
rapidly shoved into the background. Steam power 
would undoubtedly have been almost entirely sup- 
planted but for two factors; vz., the unreliability of 
those early lines, and the entire lack of sites for, or pro- 


1, Pacifie Gas & Electric Co., San Francisco, Calif. 
Presented at the Pacific Coast Convention of the A. I. E. E., 
Portland, Oregon, Sept. 2-5, 1930. Complete copy wpon request. 


hibitive cost of, reservoirs to provide the necessary 
storage to enable the water-power plants to carry the 
load during the dry seasons when the stream flows fell 
greatly below normal. 

Up to about 1924, the ratio of total steam-plant 
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capacity to system peak demand, for the Pacific Gas & 
Electric Company System, varied rather consistently 
from about 40 to 60 per cent, and the ratio of kw-hr. 
generated by steam to the total ranged from about 15 to 
30 per cent. For the years 1924-1929, inclusive, these 
data are shown by the curves in Fig. 2. 
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The requirements for the steam plants during the 
period under review were: (1) low investment cost, 
since the load factor on steam over a period of years 
was not high; (2) high reliability, since steam was 
always the pinch hitter during seasons of low water and 
at times of sudden failure of a line, flume, or some other 
part of the water-power and transmission system; and 
(3) the ability to pick up full load quickly from a very 
light load condition. On the whole, these plants met 
the above requirements very satisfactorily. They have 
never seriously failed to meet the service demands made 
upon them by way of picking up load in the event of 
line or other failures on the water-power system, 
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although no especial features of design were employed 
to enable the equipment to respond rapidly to a sudden 
increase of load. Dependence was placed entirely upon 
keeping sufficient turbine capacity on the line at very 
light load—that is, from just floating to 5 per cent of 
rating with corresponding boiler capacity either steam- 
ing or with pressure at or near that of the line,— 
and the ability with oil firing, to get boilers to full 
steaming capacity in a very short time. Experience 
has proved that under the conditions just outlined, full 
load could be picked up with little or no disturbance to 
service. 

At the beginning of 1928, the investment per kw. 
varied among the plants from about $60 to $80; the 
steam pressures and temperatures were low, and the 
design was simple, with no economizers, fans, or auto- 
matic devices worth mentioning. 
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PLANS FOR STEAM POWER DEVELOPMENT 


About four years ago it became apparent that the 
economic relation between steam and water-power had 
become reversed. The reasons for this change were: 

1. The generally increasing cost of additional water- 
power due to the best sites having been developed and 
for sites already developed, the rather prolonged series 
of years of subnormal water supply which indicated that 
the supply was not so great as formerly supposed. 

2. The rather pronounced lowering of steam-power 
costs due to improved efficiency, lowering of investment, 
operating, and maintenance costs, and, for California 
at least, the oversupply of oil with consequent reduction 
in price; and finally, the tremendous production of 
natural gas and its supply to Northern California. 

A comprehensive plan was developed which would 
provide not only for the immediate needs, but also for 
at least 15 years hence in the matter of the acquisi- 
tion of steam plant sites and transmission line rights of 
way for lines necessary to connect such sites with the 
general system. In working up this plan, consideration 
was given to all the elements involved which included: 

1. Sizes of units and when and where to be installed. 

2. Costs for investment, maintenance, operation, 
and fuel. 

3. Obsolescence. 

4. Operating reliability and flexibility. 

A careful study was made of all the factors entering 
into the above elements, these factors including such 


- Items as: 


a. New plants versus the rebuilding of old plants. 

b. Sizes of turbine and boiler units. 

c. Steam pressure and temperature. 

d. Extraction heaters, economizers, air heaters, and 
furnace water walls. 

Most, if not all, large systems have need for two 
types of generating units,—the first highly efficient for 
so-called base-load operation, and the second for peak- 
load service and reserve. The Pacific Gas & Electric 
Company also requires a third type necessitated only 
by excessively dry years, which are infrequeni and 
of uncertain occurrence. That any given year will 
be very dry is not known until about February. It is 
very difficult, it not impossible, to provide against such 
deficiency of water unless such abnormal deficiencies 
are recognized as liable to occur, and are provided for at 
all times. Examples of where failure to provide for this 
contingency have resulted in power shortage are well 
known; on the Pacific Coast such cases occurred in 
California in 1924, and in the Northwest in 1929. The 
Pacific Gas & Electric Company has never found it 
necessary to cut off load on account of a dry year except 
during the war, when it was obliged to curtail new con- 
struction because of war conditions. 

In view of the conditions of space available at Sta- 
tion “C,” and the nearer location of Oakland to the 
water-power supply, it was determined that increased 
capacity at Station “‘C,” (at least to the extent of 75,000 


832 


kw.,) would conform to the second type of plant just 
mentioned, and that Station “A” would supply the first 
type. To provide for the third type of capacity, it was 
decided to retain the North Beach Plant in San Fran- 
cisco and the Station ‘“‘B” plant in Sacramento, with a 
combined capacity of 35,000 kw. During normal years, 
these would probably be shut down. 

As is evidenced by the discussions which appear from 
time to time, the problem of how best to provide peak 
and reserve capacity is not always clear and includes 
proposals such as steam plants with accumulators and 
pumped storage for water plants. It is believed that 
the most practicable way to obtain such capacity in 
steam is to provide overload capacity for each unit. 
The rating of both turbines and boilers is entirely arbi- 
trary. The maximum output of a turbine is deter- 
mined by the maximum steam flow for a unit built to a 
given frame. A boiler can be forced to a very high 
output. The ratings may be set according to the effi- 
ciencies desired for both turbines and boilers, and the 
maintenance cost for boilers, which will increase at high 
outputs. 

Cost studies showed that it would be more economical 
to rebuild and enlarge Station ‘“‘A”’ in San Francisco, 
and Station “‘C”’ in Oakland, than to provide the same 
additional capacity at new sites. 

The size of turbine and boiler units has a marked 
effect upon costs. This is particularly true of large 
boiler units. For large units, investment per kilowatt 
is lower, efficiencies higher, and operating costs much 
lower; and for automatic control and instruments, 
the investment is decidedly lower. Large units, 


especially boiler units, are more flexible as regards load . 


fluctuations; and there is no reason to believe that they 
are not just as reliable as small units. Costs for main- 
tenance and periodic inspection are less for large tur- 
bine units than for small ones and should be no higher 
for large boiler units; maintenance costs for auto- 
matic-control equipment is much less, since the cost and 
amount of such equipment is almost entirely dependent 
upon the number of units and not upon the size. 

In the matter of pressure and temperature, it was 
recognized that the trend was very definitely to higher 
pressures and temperatures. Careful estimates made 
in 1926 showed that a plant operating at 450-lb. pres- 
sure should cost no more than one operating at 250 lb. 
although the use of 650 lb. with reheating would cost 
more. No very careful estimates at that time were 
made for 1250 lb., since that pressure was then regarded 
as still in the development stage.. The use of pressures 
and temperatures as high as consistent with reliable 
operation will of course have a favorable influence 
upon obsolescence. 

Extraction heaters, economizers, and air heaters, 
although adding complication as compared with the old 
plants, did not seem to affect reliability adversely, and 
their use was considered entirely a matter of economics. 
With reference to furnace water walls, an installation 
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made in 1925 in one boiler as a trial had definitely 
showed that their use would not only reduce furnace 
maintenance—one of the largest items of boiler room 
maintenance—but would greatly improve reliability. 
If boilers were to be operated at high rating with 
mechanical, atomizing oil burners, they ‘were necessary 
since with such burners, furnace temperatures of the 
order of 3200 deg. fahr. are encountered. 

To obtain increased steam-power capacity, the first 
installation was to be made at Station ‘‘C,” to be fol- 
lowed with the next increase at Station ‘‘A,” San 
Francisco. From studies made in 1926, it was con- 
cluded that design for Station “‘C’’ should be based upon 
a 450-lb. drum pressure, approximately 750 deg. fahr. 
total steam temperature, and large boilers with water 
walls, the question of extraction heaters, economizers, 
and air heaters to be a matter of economics and layout 
in the space available. 


INSTALLATION AT STATION “‘C,’” OAKLAND 


The installation for a 37,500-kw. unit at Station “C” 
was started in 1927 and put into operation in October 
1928. The size of turbine was determined by the then 
existing turbine room which, with a small extension, 
permitted the erection of two 37,500-kw. turbines in the 
space occupied by two vertical units, one for 9000 kw. 
and the other for 12,000 kw. In line with the type of 
capacity desired,—viz., the second type mentioned 
above,—and on account of space limitations, a 37,500- 
kw., 9-stage impulse multi-valve turbine with guaran- 
teed overload capacity of 42,000 kw. was selected. 
This was quite a departure from established practise. 
As compared with the conventional unit of this size, 
it has better efficiency up to about 30,000 kw.; and by 
extracting heavily, its efficiency was not much less for 
higher loads, and the cost for the unit, foundation, and 
building, was about $1.50 per kw. less. For the load 
conditions it will have to meet during its life, it should 
be considerably more efficient. 


Straight tube sectional header boilers were decided 
upon because experience on the whole had been better 
with this type than with the bent tube type. The size 
was selected by making the width the maximum that 
could be obtained for a riveted drum, and the number of 
tubes high was gaged so that without an economizer 
the preheated air temperature would not exceed 500 
deg. fahr. With 24-ft. tubes this resulted in a very 
economical unit of 35,453 sq. ft., with a maximum, 
guaranteed output of 425,000 Ib. per hr., having about 
84 per cent efficiency at maximum output with an air 
heater of 51,232 sq. ft. Two such units were installed, 
one to serve as a spare for the first and future turbines. 
A maximum steam temperature of 730 deg. fahr. was 
selected as the highest then considered desirable without 
the use of alloy tubes. 


Automatic equipment was provided for combustion 
control, condenser hot well level, feed water pressure, 
and drum water level. 
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Auxiliary power is supplied from two three-phase 
transformers connected to the main station busses. 
Most of the motors, including one 500-hp. synchronous 
motor, are started on full voltage. 

This brief description will give an idea of the type of 
design and character of the equipment. The over-all 
cost of the plant, including land, building, etc., after the 
installation of this unit and increase to 68,000 kw. 
capacity, was very closely the same per kw. as for the 
original 33,500-kw. plants, although the efficiency was 
about doubled and the operating and maintenance costs 
reduced to about half on a kw. basis. The turbine has 
a maximum output of 43,750 kw., and the boilers have 
put out 435,000 lb. per hour. The boiler room installa- 
tion is quite compact and occupies 7.7 sq. ft. of ground 
area and 586 cu. ft. of building volume per 1000 Ib. per 
hour output. This includes the boilers, air heaters, 
fans, and fuel oil pumps and heaters. — 

The new unit was put into service on October 1928 
and shortly thereafter, on account of very cold weather 
in the mountains with consequent reduction of water 
supply, was required to carry practically a continuous 
load of 43,750 kw. until some time in February. It was 
therefore not until the spring of 1929 that the turbine 
or a boiler could be taken out of service for the necessary 
adjustments of automatics, etc., incident to the starting 
up of a new unit. Leaving out of account the time 
when equipment could have been operated but was out 
for adjustment of automatic equipment, the turbine 
was available during 1928 over 99 per cent of the year, 
and both boilers, about 96 per cent. The turbine out- 
put was on a 65 per cent capacity factor, and the net 
output was just at the rate of 14,000 B. t. u. per kw-hr.; 
the auxiliary power was 3 per cent. It is to be noted 
that the unit was loaded very unfavorably, since for 
practically all of the time, its load was either very light, 
500 to 1000 kw.; or a heavy overload at 43,750 kw.; and 
for very little or none of the time was it at the most 
efficient point of about 30,000 kw. 


Curve 3, Fig. 2, shows the average kw-hr. per bbl. of 
oil for all the plants for the years 1924-1929 inclusive. 
The effect of the Station “C’’ installation is easily seen 
by referring to Curve 4; in 1924, operating on 54 per 
cent capacity factor for the total system steam capacity, 
the net output was at the rate of 205 kw-hr. per bbl., 
but in 1929, although the capacity factor was only 25 
per cent, the net kw-hr. per bbl. was raised to 260. 
Had the capacity factor been 54 per cent, the kw-hr. 
per bbl. would have been about 280, which represents a 
saving of 36 per cent in fuel. 


INSTALLATION AT STATION “‘A,’’ SAN FRANCISCO 


In 1928 studies were made for the rebuilding of Sta- 
tion ‘‘A”’ and included plans and estimates for 450, 750 
and 1350 lb., drum pressures. The use of any pressure 
between 450 and 1350 lb. was shown to be uneconomical 
and it appeared that 1350 lb. might cost $3.00 per kw. 
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more than 450 Ib. However, there was a very pro- 
nounced trend toward lowering costs for 1350-lb. 
equipment and an increase in the size of boilers which 
manufacturers were willing to build. All items con- 
sidered, it was decided that the use of 1250 lb., throttle 
pressure and 750 deg. fahr. total temperature would be 
the most economical and that the plant could be rebuilt 
for 1350 lb. cheaper than for some lower pressure. It 
was believed that the cost of 1350-lb. equipment would 
go down as production increased, and that within a few 
years it would be possible to build a plant for this pres- 
sure as cheap as for some lower pressure. This view 
has proved correct for it is now definitely known that 
the costs for 1350 lb. are no greater than for 450 lb. 


The installation now under construction consists 
of two turbine and three boiler units. The turbine units 
are each compound-rated at 50,000 kw. with maximum 
output of 65,000 kw. at unity power factor. At a 
sacrifice of 10 B.t.u. per kw-hr. chargeable to the 
turbine room at the most efficient load point, the maxi- 
mum turbine output for the same frame was increased 
from 58,000 kw. to 65,000 kw. 

For the type of boiler unit which has been used in 
most of the 1250-lb. plants, the cost on a kilowatt basis 
is very little more than for a 400-lb. plant. Although 
the so-called boiler part—that is, drum, headers, and 
tubes—is costly, it is relatively small, and most of the 
complete boiler unit surface is in other elements; 
namely, superheater, resuperheater, economizer, and air 


heater. Table I gives the percentages for the various 
surfaces. 
TABLE I 
Per cent of heating surface 
Reheat boilers Standard boiler 
Steam Steam, Steam Steam, 
and water |water, and air} and water |water, and air 
absorbing absorbing absorbing absorbing 
surface surface surface surface 
iBollerweie a eae 24.1 Line 26.5 12,3 
Water walls..... 3.6 ent 4.0 1.9 
Superheater.... 14.2 6.6 17.6 8.2 
Reheater....... 18.0 8.3 
Economizer..... 40.1 18.5 51.9 24.0 
Air heaters... s+ Lapse 530 


The area and space occupied by the boiler and fan 
rooms are, per 1000 lb. per hr. output, 9.35 sq. ft. and 
865 cu. ft., respectively. In comparison with similar 
figures for Station ‘‘C” on a kilowatt basis, the area for 
Station ‘‘A’’ is 90 per cent and the volume 1.09 per cent 
of those for Station “‘C.”’ At Station “‘A”’ the space is 
that of an existing building with height increased to 
provide for the fans, and for a new plant the cubic space 
could be reduced. It appears that on the whole a 
high-pressure plant will require at least no greater 
space than a plant for lower pressure. 


The remainder of the equipment, such as fans, feed 
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water heaters, pumps, etc., are similar to that for lower 
pressure plants and requires no detailed description 
here. 

The reconstruction of Station “‘A”’ is an example of 
the recent progress in the art of generating electricity 
by steam power, and shows how the great improvement 
in fuel economy has been effected without increase in 
capital; in fact for Station “‘A,’’ there will be a marked 
reduction in investment. With the completion of the 
present construction, the capacity will have been in- 
creased from 64,000 kw. to about 160,000 kw.; and it is 
expected that the over-all investment per kw. will be 
reduced by about $15.00 per kw. and the fuel, and operat- 
ing and maintenance costs per kw., reduced to one-half. 
With the completion to the ultimate capacity of about 
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260,000 kw., a further reduction of $5.00 per kw. is 
expected, or a total of $20.00 per kw. ‘The cost of the 
new Station “‘A’’ will be comparable with steam plant 
costs in Great Britain and Europe. The fuel consump- 
tion for the 1250-Ib. units should be at the rate of 12,000 
B. t. u. or better per net kw-hr. 

Since plants for operation at 1250 lb. pressure cost no 
more than for some of lower pressure, undoubtedly 
there will be in the near future a number of plants in 
operation on the Pacific Coast at this pressure. In 
time, higher pressures and temperatures are to be ex- 
pected but with the present fuel situation, particularly 
in California, it is not anticipated that pressures higher 
than 1250 lb. and temperatures above 800 to 850 deg. 
fahr. will prove profitable for some years. 
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New Trends in Mercury Arc Rectifier 


Developments 
BY OTHMAR K. MARTE: 
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Synopsis.—Research investigations conducted by engineers as 
well as physicists during the last few years have resulted in notable 
improvements in the mercury arc rectifier, in particular with refer- 
ence to backfire protection and voltage regulation as well as improved 
manufacturing methods. These improvements have made it possible 
to build rectifiers of very large current capacities as well as for very 
high voltages. In order to explain the results obtained with the aid 


HEN the steel-enclosed mercury arc rectifier 
became available to users of direct current, it 
entered into keen competition with rotary 

converters and motor-generators, and presents over 
the latter a number of advantages which are now well- 
known to operating engineers. In the last few years, 
the use of rectifiers has been extended to fields which 
may be designated as their own, in that they comprise 
applications for which rotary converters or motor- 
generators are either costly and inefficient or not 
obtainable. 

Very little has so far been published about the work 
done by physicists on the mercury arc, and compara- 
tively scant literature is available to power engineers, 
traction engineers, and chemical engineers, in spite of 
the fact that during recent years they have been using 
rectifiers in increasing numbers in all parts of the world. 
It is not intended to give here a complete account of the 
theory of rectification, but in order to explain some of 
the latest developments, a brief explanation of the valve 
action of the rectifiers will be given. 


1. Chief Engineer, American Brown Boveri Company, Inc., 
Camden, N. J. 

Presented at the Pacific Coast Convention of the A. I. E. E., 
Portland, Oregon, September 2-5, 1980. Complete copy upon 
request. 
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of these improvements the basic principle of rectification is briefly 
reviewed. Methods of testing rectifiers have also been improved 
upon and new ones developed. Standard parts are now used for 
different rectifiers wp to the largest capacities. An account is 
given of notable recent rectifier installations for city subway service, 
for a portable street-railway substation, radio transmission, elec- 
trolytic zinc refining, and for Edison systems. 


THEORY AND DESIGN 


In order to explain simply the principle of the rectifier, 
a single-phase two-anode rectifier set is usually con- 
sidered. Such a rectifier is shown schematically in 
Fig. 1. Each anode carries the whole current for the 
half cycle during which it is positive with respect to 
the cathode, whereas for the other half of the cycle it 
carries no current. During this operation, the voltage 
between the two anodes is equal to the whole voltage of 
the transformer secondary whose peak value is over 
twice the d-c. voltage. Therefore, in the case of a 
13,000-volt radio transmission rectifier described below, 
the mercury vapor between the two anodes must be 
able to withstand over 26,000 volts without breaking 
down. 

The passage of current is due to the motion of posi- 
tive ions and negative electrons traveling freely between 
the cathode and whichever anode is at a positive poten- 
tial. The other anode, which is at that time negative 
with respect to the cathode, is at too low a temperature 
for the emitting of electrons. Since it is charged nega- 
tively, it continually repels the free electrons moving 
about inside the cylinder and at the same time attracts 
the positively charged mercury ions which therefore con- 
centrate around the anode and form all around it what 
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is called a positive space charge which will insulate it 
for considerable voltages. The actual thickness of this 
layer, represented by plus signs in Fig. 1, varies in pro- 
portion to the voltage. The voltage diagram below 
Fig. 1 shows how it localizes the voltage drop between 
the anodes with a very high gradient in the immediate 
neighborhood of the negative anode, while outside of 
the space charge, the electrons and positive ions move 
as if there were no potential difference present between 
the two anodes. 

If for any reason the space charge surrounding the 
negative anode is broken down, the ions and electrons 
will circulate between the two anodes, impelled by 
a potential difference, which is no longer 25 volts but 
26,000 volts. The secondary of the transformer is 
actually short-circuited by the are and a heavy short- 
circuit current circulates between the anodes. This 
phenomenon is called an arc-back or back-fire. The 
protective equipment with which the rectifier is pro- 
vided will disconnect it from the a-c. line, the valve 
action will be immediately restored in less time than the 
breaker requires for reclosing, and the rectifier will 
again be ready to take load. 


ENGINEERING DEVELOPMENTS 


The danger of breakdown of the space charge in- 
creases with the capacity of the rectifier so that special 
means had to be devised for insuring continuity of the 
valve action of the rectifier. The most important 
improvement along this line was obtained by means 
of screens introduced into the arc path in the vicinity 
of the anodes. These screens may be made of iron or 
graphite in the shape of concentric rings or wire meshes, 
and may be solidly connected to the anode shields or 
insulated from them; or they may be energized by an 
outside source of electric potential. When designing 
such screens, care must be taken that they do not in- 
crease the voltage drop in the arc. Following is a 
brief explanation of the action of these screens: 

When an anode is carrying current, its screen takes 
its potential from the arc and is therefore at a lower 
potential than the anode. When the anodes cease 
to carry current, the screen retains its potential for a 
short time, during which it is negative with respect to 
the anode. It therefore attracts the positive ions and 
maintains the space charge at the instant when the 
anode ceases to be positive, at which time the tendency 
to back-fire is most pronounced. 

Since the introduction of these screens, it has become 
possible to build rectifiers for very high current capac- 
ities per anode at medium high voltage and also recti- 
fiers for very high voltages, while keeping their dimen- 
sions within reasonable limits. The progress made in 
this respect is evident when one considers that rectifiers 


for traction purposes now in operation are rated as 


high as 3000 kw. nominal rating at 600-650 volts and 
2000 kw. at 8000 volts; cylinders used for electro- 
chemical purposes range from 7200 kw. at 500 volts to 
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2000 kw. at 8000 volts; for radio transmission, only 400 
kw. at 13,000 volts has so far been required. 

One problem which gave some concern to operating 
engineers a few years ago is the problem of interference 
with commutation circuits due to the ripple in the 
direct current delivered by the rectifier. This problem 
was carefully studied at the outset and may now be said 
to be completely solved. 

In order to reduce the effect of back-fires on the 
rectifier circuit, large capacity rectifiers are equipped 
not only with quick-acting d-c. breakers but also with 
high-speed a-c. breakers. Oscillographic records taken 
in service show that with modern a-c. breakers back- 
fire can be interrupted in less than eight cycles after the 
trip coil of the breaker is energized. The rectifier is 
put back into service immediately after the interruption. 


1—Sinqaue-PHase Two-ANopE ReEcTIFIER SET AND Dia- 
GRAM OF VOLTAGE BrrwEEN ANODES 


Fie. 


Another recent development of great value is the 
regulation of the d-c. voltage of the rectifier by control- 
ling the electric field inside the rectifier. This is ob- 
tained by controlling the point of the cycle at which the 
anodes pick up current in rotation.2 This control is 
obtained by means of the energized screens mentioned 
above. This will be made the subject of a later paper. 


In the case of rectifiers provided with interphase 
transformers, it is also often desirable to eliminate the 
abrupt rise of the voltage curve at no-load. This volt- 
age rise is present because when the load decreases 
below a certain value, the third-harmonic flux in the 
interphase transformer decreases below its saturation 
value, thereby making the interphase transformer 
ineffective. This is easily remedied by providing the 
interphase transformer with an exciting winding per- 
manently connected to a bank of very small auxiliary 


2. Mercury Are Power Rectifiers, by Marti and Winograd, 
McGraw-Hill, Chapter XII. 
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transformers connected so as to give a voltage which is a 
third harmonic of the fundamental wave. 

Not only in the design of rectifiers has considerable 
progress been made, but also in the measuring methods 
used with them. This was made necessary by the 
increased capacities of rectifier cylinders. Since in a 
rectifier the losses are independent of the output voltage, 
at very low voltages they become large compared to the 
output and it is possible to measure them accurately 
by means of the input-output method. The output is 
easily determined by means of d-c. instruments, while 
the input is determined by the following novel method: 

Each wattmeter current coil is connected to a current 
transformer having two primaries inserted in opposition 
into the leads of two anodes working half a cycle apart. 
The wattmeter voltage coil is connected to one of these 
anodes and ground; thus the wattmeter measures 
the output of two opposite phases of the transformer, 
and the current transformer, alternately receiving posi- 
tive and negative current impulses, is no longer sat- 


Fie. 2—MerasurEMENT OF RectirieER LossesS—DIAGRAM OF 


CONNECTIONS 


urated, so that accurate measurements can be made. 
For diagram of connections see Fig. 2. By this 
method, half of the secondary copper losses of the trans- 
former are included in the measurement, but the read- 
ings can be corrected accordingly. 

For a load test at normal voltage and normal output, 
the rectifier is fed by a transformer having the same 
rating. The capacity of the required transformers, 
however, can be reduced almost one-half by the follow- 
ing ingenious method: 

As shown in Fig. 3, half of the anodes of the rectifier 
are fed at normal voltage and normal current by a 
transformer which must therefore have only half the 
capacity of the rectifier. The d-c. output is fed back 
into the a-c. line by a motor-generator also having half 
the rating of the rectifier. The remaining anodes of 
the rectifier are fed at a fraction of the normal voltage 
and at normal current by another transformer which 
has only a very small rating and an output usually dis- 
sipated in a water rheostat. This method is made pos- 
sible by the fact that the voltage drop in the rectifier 
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is independent of the voltage on the load, so that both 
groups of anodes can work in parallel without difficulty. 
All anodes are fully loaded and with half of them re- 
ceiving the full voltage, the operating conditions are 
practically the same as when all anodes are fed at nor- 
mal voltage. When the test has run for one-half of the 


= 1 


Rectifier 
under 
Test 


Motor 
Generator 


Fig. 3—Loap Test or REcTIFIER—DIAGRAM OF CONNECTIONS 


required time, the connections between the groups of 
anodes and the two transformers are interchanged so 
that each group of anodes will have received full voltage 
during one-half of the run. 


STANDARDIZATION OF RECTIFIERS 
Fig. 4 shows schematic cross-sections on a compara- 
tive scale of one series of rectifiers of the Brown Boveri 
design having respectively, 6, 12, 18, and 24 anodes. 
The types of rectifiers shown are standard and in 
their design care was taken to use as many identical 
parts as possible so as to reduce the number of spare 
parts necessary for different sizes. Among those parts 


24 Anodes - 13,000 Amperes 


18 Anodes - 10,000 Amperes 


Fie. 4—ComparativeE Cross-SEectrions oF A SERIES OF BROWN 


Boveri RECTIFIERS 


are the anodes, the anode insulators, ignition anodes, 
excitation anodes, cathode plates, and the component 
parts of the seals for their various joints. 

The evacuating equipment, which consists of a rotary 
pump and a high-vacuum pump, is the same for all 
types of rectifiers, two sets of pumps in parallel being 
used for the larger types of cylinders. In order to 
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simplify erection and reduce the space required for the 
rectifier, the pumps are now mounted directly on the 
cylinder. 

The excitation and ignition transformers are com- 
bined in one compact unit which is the same for all sizes 
of rectifiers. 


EXPANSION OF FIELDS OF APPLICATION OF MERCURY 
ARC RECTIFIERS 

Early in 1930 a new field of application for large- 

capacity mercury arc rectifiers was opened by putting 

into operation in a substation supplying power to the 


Fig. 8—Prosecr or Layout or Ovurpoor Recririer SuB- 


STATION 


Philadelphia City Transit subways, two 2500-kw. 650- 
volt nominally rated rectifiers . 

The mercury arc rectifier has another very promising 
application in railway portable substations. Portable 
substations being mounted on springs, the capacity of 
rotating equipment which could be installed in them is 
very limited, as machines of large capacity would pro- 
duce excessive vibration in a car of standard design. 
On the other hand, the mercury arc rectifier being a 
static piece of apparatus, the only limitations to its use 
will be the weight and the size of the transformer. It is 
comparatively easy to install a complete rectifier sub- 
station for 3000 kw., at a d-c. voltage of 600, 1500 or 
3000, on a standard flat car, which is far beyond the 
present requirements for portable substations. In view 
of the ease with which it can be remotely controlled or 
made fully automatic, the mercury arc rectifier is spec- 
ially desirable for this application. 

For installations with very large d-c. outputs, it may 
be economical to install the rectifiers outdoors, and, as 
may be seen from Fig. 8, rectifiers lend themselves 
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readily to very compact layouts. The cylinders are 
covered by sheet metal housings, and are directly con- 
nected to their transformers. Rectifiers and trans- 
formers can be rolled into position on a car running on 
adjacent track siding. The d-c. feeders can be brought 
out overhead or through cables from the switchhouse 
located in the center of the substation. The a-c. feeder 
layout is in accordance with standard practise, and 
requires no further explanation. 

A very interesting application of high-voltage rec- 
tifiers was found in radio transmitting stations where 
voltages ranging from 10,000 to 30,000 are re- 
quired. For such stations of considerable power, the 
mercury arc rectifier is especially well adapted as it can 
be put into service instantly, resists short-circults which 
are disastrous to other types of converters, and has a 
high efficiency which will effect a considerable saving 
as compared with thermionic tubes. In addition, the 
life of the rectifier is indefinite whereas the tubes have 
a limited life. 

Considerable interest was aroused by the installation 
by the Consolidated Mining & Smelting Company, 
Trail, B. C., of six rectifiers for 5000 amperes each at 
460-560 volts as shown in Fig. 10. These rectifiers 
are used for electrolytically refining zine and are the 
largest installed on the American continent. 

In hydrogen plants, one advantage of the rectifier 
is that it is not subject to reversals of polarity, which are 
a source of disastrous explosions. Moreover, in the 


Fie. 10—Recririmmr INsTraLuATION or Srx, 5000-AMpPERES, 
460/560-V oL?t Recririmrs ror ConsoLIDATED Minine & SMELT- 
1InG Co., Train, B. C., CANADA 


case of large electrochemical installations operating 
continuously 24 hr. a day, the absence of brush wear 
alone constitutes an appreciable advantage for the steel- 
enclosed mercury arc rectifiers. 

Very recently a number of rectifiers have been in- 
stalled for supplying power alternately to a 250-volt, 
three-wire d-c. Edison system and a 600-volt railway 
system. As the mercury arc rectifiers work at any com- 
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mercial voltage, these abnormal operating conditions 
are being taken care of by merely changing the trans- 
former connections. 
CONCLUSION 

This brief study of recent rectifier developments 
shows that the rectifier can be used to advantage for 
any power application requiring conversion from alter- 
nating to direct current. It has made available for 
existing applications reliable units of higher capacity 
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and has permitted the development of applications 
hitherto retarded by the lack of a suitable converter. 
Due to the ease of its generation and conversion, alter- 
nating current has taken a long lead over direct current, 
and is being used for applications where direct current 
would be preferable. Since the advent of the rectifier, 
however, the use of direct current has received a con- 
siderable impetus and it will no doubt in the near future 
gain additional momentum. 


Abridgment of 
Grounding Banks of Transformers 


with Neutral Impedances 
and the Resultant Transient Conditions in the Windings 


BY), VOGHES 


Associate, A. I. E. E. 


Synopsis.—T he question of grounding transformer bank neutrals 
through different impedances has recently arisen due to the desire to 
limit system single-phase and two-phase short-circuit currents. 
It was found that the use of resistance, only, may be undesirable on 
account of the high voltage at the neutral in lumiting the short- 
circuit current. The use of inductance, only, may result in high 
voltages within the transformer and at the neutral due to lightning 
transients, which necessitates the transformer being fully insulated 
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throughout. Methods using parallel paths with the inductance, 
(these parallel paths being designed primarily to reduce the lightning 
transients at the neutral), have been studied and found to limit the 
transients within the transformers to values approximating those for 
solidly-grounded neutral which permit the grading of the transformer 
insulation. The method to be selected depends upon the individual 
case; but generally, the use of the valve type lightning arrester is the 
simplest to apply. 


I. INTRODUCTION 


ODERN methods of power transmission involve 
the transformation of energy with large high- 
voltage transformers, which usually have one or 

more windings connected in star and until recently 
solidly grounded at the neutral. With the increase in 
size of transformers and generating equipment, trouble 
has developed due to excessive currents under single- 
and two-phase short circuits. To relieve these condi- 
tions and to improve the stability of the system gen- 
erally, the practise of inserting impedance between the 
neutral and ground of some of the transformer banks 
has been adopted. 


Hither a resistance or an inductance can be used for 
the impedance. It is the purpose of this paper to study 
the characteristics of neutral impedances under light- 
ning surge conditions and suggest means for improving 
their performance. 


II. Factors INFLUENCING THE LIGHTNING TRANSIENT 


It has been shown that the worst stresses within the 
transformer windings were those due to steep-front 
short waves and steep-front long waves. The former, 
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by virtue of its greater magnitude, imposes the greater 
stress upon the winding near the entrance terminal. 
With steep-front long waves, the initial distribution is 
essentially the same except for absolute magnitude, but 
due to oscillations within the winding, the amplitude 
of voltage at internal points is greater. The magnitude 
of lightning voltages which can be propagated on trans- 
mission lines is limited by the line insulation and is 
lower for long waves than short waves. Oscillographic 


records of lightning waves taken in the field indicate 


that the greatest duration of voltage probably would 
not exceed 60 microseconds to one-half value, and the 
most rapid rate of rise was of the order of one micro- 
second to maximum value. 

Waves having the characteristics of the two above 
described would impose the most severe stresses upon 
transformers grounded through neutral impedance. It 
has been previously pointed out that with short surges, 
only a small amount of energy penetrates the winding 
as far as the neutral and consequently the increase in 
voltage at the grounding impedance will be very small. 
From the standpoint of stress at the neutral impedance 
and the interior of the transformer winding, it will be 
necessary to consider only the 60-microsecond surge. 

Another important factor influencing the amplitude 
of voltage in the transformers and at the neutral is the 
magnitude of voltage occurring simultaneously on the 
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three separate phases. If simultaneous waves of equal 
amplitude are impressed on each of the three phases, 
the voltage at the neutral would rise to three times the 
amplitude that it would if the wave were impressed 
upon one phase only. In making this investigation, the 
worst condition of three equal surges is assumed. 


III. Test CIRCUITS AND METHOD OF TESTING 


Impulses were generated by discharging banks of 
condensers through a resistance and impressing the 
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Fig. 2—Scuematic Dracram or Trstina Circuit 


voltage drop upon the transformer terminals. The 
windings of the transformers under test were connected 
together at the neutral and grounded through the 
impedance under consideration. The connections from 
the surge generator to the high-voltage terminals of 
these windings were made as short as practicable and 
terminated in lumped surge impedances of approxi- 
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Fig. 3—VoutraGE-To-GrouND PRODUCED IN A TRANSFORMER 
Winpina with Neutrrat SoLipty GROUNDED BY A 60-MicRo- 
SECOND SURGE 


1. Initial voltage distribution 
2. Maximum voltage by oscillation 
3. Final or steady state distribution 


mately 450 ohms. The remaining windings of the 
transformers were connected to ground through similar 
surge impedances (Fig. 2). 

The transformers used in making this study were 
25,000-kv-a. 220-kv. power transformers of shell type 
construction, and of recent design. 

The neutral reactors were air core, and the neutral 
resistors were practically non-inductive. 
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IV. ‘TRANSFORMERS WITH SOLIDLY-GROUNDED 
NEUTRAL 

The initial distribution of voltage with the steep-front 
wave is shown as Curve 1, Fig. 3. The maximum 
voltage-to-ground occurring at internal points in the 
winding by oscillation is represented by Curve 2 of the 
same figure. These two boundary curves define the 
envelope of oscillation of the internal-voltage transient. 
It is to be noted that the maximum voltage does not 
exceed the uniform distribution curve. 


V. TRANSFORMER WITH NEUTRAL INSULATED 

The initial distribution, (Fig. 4) is practically the 
same, irrespective of whether the transformer is solidly 
grounded, grounded through an impedance, or com- 
pletely isolated. 

The final distribution is quite different from that with 
the neutral grounded. When the neutral is isolated and 
a surge is impressed, the winding tends to assume the 
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Fig. 4—Voritace To GROUND IN A TRANSFORMER WINDING 


witH IsotaTteD NEUTRAL 


1. Initial voltage distribution 
2.. Maximum voltage by oscillation 
3. Final distribution or axis of oscillation 


same potential throughout. In reaching this potential, 
it oscillates about the potential on the line terminal. 
The amplitude of the oscillation at the neutral depends 
upon the magnitude of the terminal voltage and the 
relation of the length of the surge to the natural period 
of oscillation. Under lightning surges, the voltage rises 
to relatively high values. In the experimental case, 
the maximum amplitude in per cent of the impressed 
voltages is given in Curve 2, Fig. 4. 

It is to be noted that the voltage does not attain 
values in excess of the applied voltage; this is explained, 
as above mentioned, by the fact that Curve 3, represent- 
ing the initial axis of oscillation, decreases as the voltage 
on the transformer decreases. Since the rate of de- 
crease of the latter is rapid as compared with the 
period of oscillation of the transformer, the oscillations 
do not develop to the extent that they would if limited 
only by inherent damping, as would be the case with an 
infinitely long wave. 
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TRANSFORMER WITH NEUTRAL GROUNDED 
THROUGH RESISTANCE 


When the transformer neutral is grounded through a 
non-inductive resistance, the axis about which the 
winding tends to oscillate is a straight line extending 
from the line to the neutral end of the winding. The 
voltage at the neutral will be raised to a value depending 
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Fic. 5—Oscinnocrams SHOWING THE VARIATION OF 
INTERNAL OSCILLATIONS IN TRANSFORMER WINDINGS WITH 
DirreRENT VALUES OF NEUTRAL RESISTANCE 

A—69 per cent of winding from neutral 

B—36 per cent of winding from neutral 

O—Neutral 

1 —R =infinite (neutral isolated) 

2 —R =100,000 ohms 

3 — R =25,000 ohms 

4 —R =5000 ohms 

5 —R =450 ohms 

6 —R =0 (neutral solidly grounded) 
upon the value of neutral resistance, the relative effec- 
tive impedance of the transformer winding, and the 
length of the traveling wave. In the limiting cases of 
zero resistance and infinite resistance, the axes coincide 
with those for a solidly-grounded transformer and for an 


isolated-neutral transformer (Curves 3, Figs. 8 and 4). 
For finite resistances, the axis lies between these limits. 
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With the 60-microsecond test wave, the voltage at the 
neutral and points in the winding 36 per cent and 69 
per cent from the néutral are shown in the oscillograms 
of Fig. 5, for various values of resistance between 
the two limiting conditions. With the transformers 
grounded through 450-ohm resistance, the rise in volt- 
age at the neutral was approximately 4.5 per cent. 
The increase in voltage at the two points in the winding 
mentioned above, over that for a solidly-grounded 
neutral was small—only about 2 or 3 per cent. 


VII. TRANSFORMER NEUTRAL GROUNDED THROUGH 


INDUCTANCE 


In the case of the neutral grounded through induc- 
tance as in the previous cases, the initial distribution is 
the same as for solidly-grounded neutral. The oscilla- 
tory voltage occurring across the reactor is a function of 
the relative inductance of the transformer and reactor 
and the relative length of the traveling wave. The 
higher the ratio of reactor inductance to transformer 
inductance, the greater will be the rise of voltage at the 


neutral. During the transient existing in the trans- 

100 T 

es peer} 

g 

80 

Oo 

a + 

2 [ 

wW 

260 = 

Ww 

[oa 

a 

= 2 | 

40 [ a 

[o) 

020 | 

ac 

Ww 

a 

0 

100 80 60 40 20 0 

PER CENT OF WINDING FROM NEUTRAL~ 

Fig. 6—VouTAGE-TO-GROUND IN 25,000-Kv-a. 220-Kv. 
SHeLL Type TRANSFORMER WINDINGS wiTH NEUTRAL 


GROUNDED THROUGH A31L5-MILLIHENRY REACTOR 


1. Initial distribution of voltage 
2. Maximum voltage by oscillation 


former winding, the reactor enters into oscillation with 
the transformer winding. This results in an increase in 
voltage stress at the neutral and throughout the wind- 
ing, as illustrated by the curves given in Figs. 6 and 3. 

A reactor is a desirable means for grounding the 
neutral, since its reactive drop adds directly to the 
impedance voltage of the transformer, reduces the 
shock of short circuit on generating equipment, has less 
watts loss, and can generally be designed more economi- 
cally than a resistor. A method of reducing the 
excessive transient voltage at the neutral is therefore 
highly desirable. Several ways of improving this 
feature are described below. 

A. Reactor Shunted with Resistance. If the neutral 
reactor is shunted by resistance, a part of the energy 
is conducted directly to ground and a damping effect 
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imposed upon the oscillations in the reactor circuit. 
Obviously, the lower the resistance used, the lower will 
be the voltage across the reactor. 

B. Reactor Shunted by Spark-Gap. The second 
method of preventing excessive voltage at the neutral is 
to shunt the reactor with a spark-gap. This method 
permits the voltage to rise to some safe, predetermined 
value and then reduces it to zero. The voltage at which 
the gap would be set is determined by the insulation of 
the reactor. The superimposed transient accompany- 
ing the gap discharge has no damaging effect upon 
circuits of as long a time constant as that of the trans- 
former winding. The effect of this transient is shown 
by the oscillograms in Fig. 8, where the resulting volt- 
ages at 36 or 69 per cent from neutral are compared 
with those with the neutral solidly grounded. The 
increase in voltage is 7 to 9 per cent over that with 
solidly-grounded neutral or about 3 per cent of the 
impressed voltage. 

C. Reactor Shunted by Lightning Arrester. Proceed- 
ing as in the case of the shunting spark-gap, the proper 
lightning arrester for protecting the insulation of the 
reactor was selected. For this application an arrester 
of the valve type is ideal. In applying the arrester it is 
necessary only to fix the cut off voltage slightly in 
excess of the dynamic rise of voltage. By so doing, 
the maximum discharge voltage can be limited to 
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Fig. ‘S—OscintoGRAM SHOWING THE HErrect UPoN THE 
INTERNAL TRANSFORMER WINDING -TRANSIENT SHUNTING 
Neutra Reactor WITH SAFETY Gap 


A —Voltage at 69 per cent of winding from neutral 

B —Voltage at 36 per cent of winding from neutral 

1,3—Neutral grounded through reactor shunted with safety gap 
2,4—-Neutral solidly grounded 


approximately 2.5 times the dynamic voltage, even 
when discharging large currents. 

This method of reducing the neutral voltage has 
other advantages in addition to those mentioned. It 
employs a standard protective device which requires no 
special consideration or calculation for its application. 

D. Reactor Shunted with Resonant Circuit. A series 
capacitance and inductance circuit was connected in 
parallel with the neutral reactor and the constants 
proportioned so as to be in resonance at the frequency of 
the transient voltage existing at the reactor terminal. 
This circuit offers a very low impedance path to the 
surge current and shuntsit directly to ground; but at nor- 
mal operating frequencies it has a very high impedance. 
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With the surge current determined largely by the im- 
pedance of the transformer winding, the two elements 
are proportioned so as to give a minimum rise in voltage 
at the neutral and keep the drop across each within 
safe limits. 

In the experimental application, the circuit was 
proportioned so that the rise in voltage at the neutral 
due to lightning would not exceed twice the dynamic 
voltage under the most severe conditions. Fig. 10 
shows oscillograms of the voltage at two internal points 
in the winding and at the neutral. In oscillogram A 
the voltages resulting from the reactor being shunted 
with the resonant circuit are compared with the voltages 
with the neutral solidly grounded. The maximum 
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Fig. 10—Oscituocgrams SHowine THE Errect Upon THE 
INTERNAL TRANSFORMER WINDING TRANSIENT OF SHUNTING 
Neutrau Reactor with AUXILIARY RESONANT CIRCUIT 


A —Voltage at 69 per cent of winding from neutral 

B —Voltage at 36 per cent of winding from neutral 

C —Voltage at neutral 

1,3 & 6—Neutral grounded through reactor shunted with resonant circuit 
2, 4—Neutral solidly grounded 

5—Neutral grounded through reactor only 


amplitudes of the voltage at each point are practically 
equal for the two conditions, and the shape of the volt- 
time curves are practically identical except that with 
the reactor shunted by the resonant circuit, the axis of 
oscillation is shifted upwards on account of the drop 
through the circuit. In oscillogram C are compared the 
voltage at the neutral with the reactor alone and with 
it shunted with the resonant circuit. The amplitude 
of the voltage in the latter case is reduced to approxi- 
mately one-sixth of that when the neutral is grounded 
through the inductance only. 
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The East River Generating Station 
of the New York Edison Company 


BY Coab7Guabye 


Non-member 


HE New York Edison Company and affiliated 
Als companies operate two 25-cycle stations aggre- 

gating 402,000 kw., four combined 25- and €0- 
cycle stations aggregating 1,110,000 kw., and two 
60-cycle stations aggregating 405,000 kw., a total gener- 
ating capacity of 1,917,000 kw. with a 1929 peak load 
of 1,225,200 kw. 


All stations are interconnected by means of tie 
feeders which in each instance approximate the 
capacity of the largest unit. Five frequency changers 
with a total capacity of 190,000 kw. tie the 25- and 60- 
cycle systems. 


At the time East River Station was designed, Man- 
hattan Island was served almost exclusively from the 
25-cycle system, with conversion to direct current. 
The policy of the company at the present time, however, 
is to curtail the d-c. load in favor of the 60-cycle net- 
work. This paper deals with the development of the 
East River Station as originally planned under a pro- 
posed growth of the 25-cycle system. Under the 
present policy of the company, no additional 25-cycle 
units will be installed, and the future development of 
the station will be devoted exclusively to 60 cycles. 
It is estimated that in ten years the 60-cycle load of the 
New York Edison System will be at least four times the 
' 25-cycle load. 


SITE 


The site chosen has the following advantages: It is 
near the center of the Manhattan load; it provides a 
continuous area for future expansion both as to build- 
ings and high-voltage feeder outlets; favorable water- 
front conditions provide ample water depth, (some 
30 feet), for docking ocean-going colliers and for exten- 
sive disposal of ashes. 


CoAL HANDLING AND PREPARATION 


The coal is brought to the station in 1000-ton barges 
and unloaded by two 350-tons per hr., electric-traveling, 
coal towers, in which it is crushed and discharged by 
belt conveyers to bins in the coal preparation house. 


The pulverizing equipment consists of two 15-ton and 
four 25-ton Raymond air-swept mills, each operating 
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in a closed system with a fan and cyclone separator. 
Air for drying is preheated in two steam-air preheaters 
operating at 15-lb. and 400-lb. gage, respectively. 
From the cyclone separators, the coal flows by gravity 
into the transport system which conveys it to the boiler 
bins. 

The average fineness of the coal is approximately 96 
per cent through a 60-mesh, 90 per cent through a 100- 
mesh, and 70 per cent through a 200-mesh sieve. 


BOILERS AND FULL BURNING SYSTEM 


The initial boiler installation consisted of six Spring- 
field horizontal cross-drums boilers, each containing 
14,809 sq. ft. of boiler heating surface, 4134 sq. ft. of 
water wall surface on all four sides of the furnace and in 
the slag screen, 3430 sq. ft. of hairpin type superheater 
and 28,900 sq. ft. of effective plate type air preheater 
surface. The Lopulco system of vertical firing, with 
ten main and ten auxiliary burners, is used. Table I 
gives data from a test made on Boiler No. 4. 

The new installation consists of three 800,000-lb. 
per hr. boilers of the Ladd type, fired from both ends 
as shown in Fig. 1. Each boiler contains 60,706 sq. ft. 
of boiler heating surface, 7345 sq. ft. of water wall sur- 
face on all four sides of the furnace and in the slag 
screen, 13,900 sq. ft. of hairpin type superheater, and 
82,721 sq. ft. of effective plate type air preheater sur- 
face. The Lopulco system of vertical firing with 20 
main and 20 auxiliary burners, (10 of each on each end), 
is used. 

The steam conditions for the new boilers are 425-lb. 
gage and 725-deg. fahr. total temperature at 800,000 
Ib. per hr. evaporation. At this rating the feed water 
temperature is 360 deg. fahr. and the air temperature 
from the air preheater, 450 deg. fahr. 


Table II gives heat balance data of a test recently 
run on one of these new boilers at an output of 1,000,000 
Ib. of steam per hr. This output, which is 25 per cent 
greater than the maximum guaranteed capacity of 
800,000 lb. per hr., was maintained continuously for 
12 hr. with entirely stable furnace and water level 
conditions and with no signs of distress.in any part of 
the equipment. - Further, an efficiency of 86.5 per cent 
is indicated. An output of 1,250,000 Ib. per hr. has 
also been maintained on one of these boilers for 15 
min., but was accompanied by a considerable drop in 
efficiency. 

Stable firing conditions are maintained in these boilers 
at all ratings by the use of small auxiliary burners, set 
at right angles to the vertical burners, so that their 
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TABLE I 
April 23, 1929 May 7, 1929 | May 14, 1929 

AEEUATEVADOLALION DE LNOUL twee. Me Tae Ae el cls Bh ole etek lana lb. 108,630 169,100 239,720 
EC area SOC De Gaby ishOa tare ra Chale mache Wen free ootatii ches cteaesce aries 2 per cent 86.1 87.1 84.1 
Heat absorbed by air preheater and returned to other boilers............ per cent 2.0 Ono 1A) 
Heats ossiduentounoistureim.COall. terme nto saeeinn «ice ene apa per cent 0.2 0.3 0.2 
Heat loss due to moisture in burning hydrogen...............0c.eeeeeeee per cent 3), 74 Bee see 
Heatdlossduetomry chimney Pases: sop eies sc 5 ss hoes de ec eee eet per cent 6.0 iS 6.1 
Heat loss due to combustiplein refusess. 4.45 61. . auc sheeiesia cieltvess ae cin per cent 0.8 0.8 D5 
Heat loss due to radiation and unaccounted for................0c0eeeee per cent Tir, 0.8 3.0 

TOCA RENE bade ahs Selo DORA ake aaa had acme, ane per cent 100.0 100.0 100.0 


TABLE II 


HEAT BALANCE OF NO. 7 BOILER—OUTPUT 1,000,000 
LB. PER HR. 


Bets us Per cent 
Loss due to moisture in coal..:............. 1 0.1 
Eivdrogent a. ce" ve. 453 3.0 
Drvechimnev. Cases: ir: .nnmekee eae Se Oa 1,137 Goll 
Gompbustiblennr refuse: ces kce ons «ous 73 0.5 
INTOISCUTEnm alte Me thy eke ee eee ek 30 0.2 
Radiation and unaccounted for......... 294 2.0 
MOCAUMOSSES 24a colette: Ge eee 1,998 13.5 
Efficiency and heat to boiler............... 1257402 86.5 
ARG HENLE a eceerrcegt ot eee ice Rea, Cee 14,770 100.0 


flames impinge on the streams of fuel leaving the ver- 
tical burners, at a point slightly below their entrance into 
the furnace. This method accelerates combustion to a 
point where the heat radiated from the flame to the 
water cooled walls does not reduce the flame tempera- 
ture to a point where combustion is retarded. In addi- 
tion, unburned carbon losses have been reduced, slag 
troubles eliminated, and furnace capacity increased. 
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Two types of cinder catchers are in use; Davidson 
Cyclone Separators on the first six boilers and Cottrell 
Precipitators, on the three new boilers. The efficiency 
of this apparatus is such that we have been unable to 
locate any deposits of flue dust in the surrounding 
neighborhood. : 


GENERATING EQUIPMENT 
The generating building will have accommodations for 


nine steam turbo-generators of large capacity, three of 
which are already in operation. Fig. 2 shows the new 
160,000-kw. unit. 

The generated potential is 11,400-volt, three-phase, 
25-cycle. All 25-cycle energy is transmitted at this 
voltage except for two 33-kv. feeders which tie through 
Lorimer Street Substation with the Brooklyn Edison 
Company’s Gold Street Generating Station, serving 
as both a supply to the Long Island Railroad and a 


Fig. 


2—-160,000-Kw. GENERATOR 


means of interchanging power between the generating 
stations. Three 15,000-kv-a. transformers step up the 


energy from the 60-cycle end of the frequency changer 
to 27,600 volts. 


EXCITATION SUPPLY 


Excitation for the main units is furnished exclusively 
by direct-connected exciters, each exciter being con- 
nected solidly to the main field through the main field 
rheostat. The exciter field circuit is equipped with 
remote-control air circuit breakers which are automatic 
in operation when actuated by the over-all differential 
relay of the main unit. 


FREQUENCY CHANGER 


A 40,000-kw. frequency changer, designated as Unit 
No. 8, is of the synchronous induction type. The 60- 
cycle induction generator excited by means of an 18,500- 
kw. transformer from the 25-cycle system provides a 
transformer tie as well as a power tie, (Fig. 3). 

The frequency changer was installed for a twofold 
purpose; first, to make possible the pooling of the spare 
capacity on the 60-cycle and 25-cycle systems; and 
second, to maintain the two systems in synchronism. 
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At the time the frequency changer was installed, the 
rotary converters supplying the d-c. network were all 
25-cycle machines; but it was thought that in view of the 
pronounced trend toward 60 cycles as a standard fre- 
quency, it might become desirable in future installa- 
tions to use 60-cycle converters. In order to obtain 
satisfactory operation of the two types of rotary con- 
verters, it was realized that it would be essential to 


SYNCHRONOUS UNIT INDUCTION. UNIT 
27.000 kw 4Q000 KW. 


Fie. 3—FREQUENCY CHANGER CONNECTIONS 

keep the two systems in synchronism and, furthermore, 
that to prevent possible damage to the commutation 
equipment, the tie between the two systems should 
be as strong as possible. It was with this thought in 
mind that the synchronous induction type of frequency 
changer was chosen. Although the anticipated use of 
the 60-cycle rotary converters has not developed, due to 
the expansion of the a-c. network system in Manhattan 
it is felt that the use of the synchronous inducticn type 
of frequency changer has been of advantage in increasing 
the stability of operation between the two systems. 
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Fie. 4—Hear Batancs—Unir No. 4 
By taking advantage of this it is possible to keep on the 
system only such frequency changer capacity as may be 
required for load interchange without operating addi- 
tional machines for the sole purpose of maintaining 
synchronism. In view of the magnitude of the two 
systems it is felt that the performance from this point 
of view has been very gratifying. 
CONDENSERS 

The condensers for the three units are of the single- 

pass surface type, those for Units Nos. 1 and 2 having 


47,500-sq. ft. of surface and the Unit No. 4 condenser, 
90,000 sq. ft. of surface. 
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AUXILIARIES 


Steam turbines are used to drive the main auxiliaries, 
thus providing a very even acceleration or retardation 
of speed. The non-essential auxiliaries, or those which 
may be shut down for short periods of time without 
affecting service, are motor driven and supplied from 
the 2300-volt or 440-volt, 25-cycle busses energized 
from the house transformers on the main bus. 

The exhaust steam from the steam-driven auxiliaries 
is used for feedwater heating, the practise at the East 
River Station being four stages of heating; three by 
steam bled from the main units and one by the exhaust 
steam. This is shown by the typical heat balance dia- 
gram for Unit No. 4, Fig. 4. Units Nos. 1 and 2 are bled 
from the 11th, 14th, and 18th stages, and Unit No. 4 
from the 13th, 17th, and 21st stages. 


ELECTRICAL EQUIPMENT OF 160,000-KWw. UNIT 
The main and emergency busses for the first two 
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5—Sration Bus ARRANGEMENT 


60,000-kw. units were sectionalized,—one section for 
each generator with its complement of feeders, the sec- 
tions being connected through 10 per cent reactors based 
on the full load of a generator. 

In the latest edition, the one 160,000-kw. unit is of 
the single-shaft type and due to the high current of a 
unit of this size, it was impossible to procure single 
generator switches of sufficient carrying capacity. 
It was therefore necessary to consider two switches in 
parallel. The use of a double-winding generator, how- 
ever, provided a very simple means of assuring satis- 
factory load division between the output circuits, and at 
the same time reduced the current capacity and inter- 
rupting duty on the switches, (see Fig. 5). In this unit 
the windings in alternate slots are connected to separate 
circuits, and the circuits alternated under adjacent pole 
faces, thus distributing the circuits and producing bal- 
anced magnetic forces. This method of winding results 
in an added number of end connections and leads, but 
is it otherwise identical with a standard single-winding 
unit. 

It may be interesting at this point to digress for a 
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moment and consider the application of such a unit to 
the general layout of a system. The increase in ca- 
pacity of units, stations, and systems in recent years 
with the consequent requirements of greater interrupt- 
ing capacity of circuit breakers and other costly 
problems resulting from excessive currents and high 
magnetic forces has brought to the art entirely new con- 
ceptions of station bus layouts, all tending toward the 
splitting up of stations into small sections which may in 
themselves be considered asseparate generating stations. 

Through its transformer action, the double-winding 
generator creates a very high reactance between 
windings (equivalent to generator bus sections) but 
due to the linkage of a common field, the stability is not 
decreased by this increase in reactance. In large sized 
generators it seems feasible to increase the number of 
windings which may be brought out of a unit and by 
use of multiple windings in conjunction with the scheme 
of synchronizing at the load to still further reduce the 
magnitude and extent of short-circuit disturbances and 
at the same time to improve system stability. 

For the one 160,000-kw. unit at East River, however, 
it was possible to use only the high-reactance sectionaliz- 
ing due to double windings as the 25-cycle system is 
not operated as a parallel system at the substations. 
While there were no immediate economies over the 
previous layout of one generator to a section with 10 
per cent sectionalizing reactance, the adoption of the 
double-winding design looked forward to future 
economy due to the elimination of bus tie switches and 
reactors. The decrease in maximum instantaneous 
short-circuit duty from approximately 2,500,000 kv-a. 
to 1,500,000 kv-a. was one of the outstanding advan- 
tages of the new design. 


FEEDER ARRANGEMENT 


In order to still further reduce the number of switches 
required, outgoing feeders were grouped together. 
The H arrangement was used in this station with two 
selector and two feeder switches per group. The 
standard feeder is 350,000 cir. mils and supplies one 
4200-kw. converter in a substation. 


ELECTRICAL GALLERIES 


The electrical galleries are of the vertical isolated- 
phase type; there are few special features incorporated 
which are not common to all modern isolated phase 
galleries. The long narrow formation of the building 
permits economical grouping of compartments and easy 
physical separation of generator sections; the busses, 
(main and emergency,) are mounted on two sides of 
the room with about 30 ft. separation, but this separa- 
tion cannot be maintained in the selector switches. 
All busses and bus connections are bar copper mounted 
on 25,000-volt insulators: but in addition, all copper is 
wrapped with varnished cambric toa thicknessequivalent 
to 15,000-volt insulation in order to minimize possible 
short circuits due to gases which might be present as the 
result of minor disturbances. All feeder cables are 
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single-conductor lead, both in the station and in the 
adjacent streets and no cable joints are made within the 
station. 


GENERAL DESIGN FEATURES OF 1929 EXTENSION 


When it was decided to go ahead with the first exten- 
sion of this station, it was found that turbine builders 
were prepared to supply single turbo-generators, having 
a capacity of 160,000 kw. each, at a considerably lower 
cost per kw. than for the 60,000-kw. units in the original 
installation. It was then decided that in the extension 
of this station the same number of units as originally 
planned would be installed but that these units would 
have nearly three times the capacity of the original 
units. The manner in which this has been accom- 
plished is demonstrated by the following: 
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Fic. 6—Sration PERFORMANCE Data 


Turbo-generators Nos. 1 and 2 (60,000-kw. capacity 
each) occupy 0.088 sq. ft. per kw. capacity, while turbo- 
generator No.4 (of 160,000-kw. capacity) occupies 0.0452 
sq. ft. per kw. capacity. Boilers 1 to 6 (of 250,000-Ib. 
capacity each) occupy 9.2 sq. ft. and 1140 cu. ft. per 
1000 Ib. steam capacity, while boilers 7, 8, and 9 (of 
1,000,000-lb. capacity each) occupy 4.5 sq. ft. and 625 
eu. ft. per 1000 lb. steam capacity. Similarly the 
electrical galleries for generators Nos. 1 and 2 require 
0.48 sq. ft. of floor area and 7.39 cu. ft. per kw. capacity, 
whereas similar equipment for generator No. 4 occu- 
pies 0.215 sq. ft. of floor area and 3.92 cu. ft. per kw. 
capacity. 

STATION OPERATING DATA 


Fig. 6 shows in graphic form boiler efficiency, feed- 
water temperature, total station and auxiliary water 
rates of this station when carrying loads from 35,000 to 
210,000 kw. These curves are based on the station 
performance for the months of February and March 
1980. The station heat rate is 15,000 B.t.u. per 
net kw. hr. 
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Synopsis.—During the past year or so, studies of stability have 
been made to determine methods of preventing loss of synchronism 
upon the occurrence of faults. Of the several methods found, the 
most obvious and effective is the high-speed isolation of the faulty 
section of the line; and this of course means high-speed relays and 
high-speed breakers. Investigation so far has indicated that the 
tume required depends upon the type of fault. Since a three-phase 
short corcurt prevents the flow of synchronizing power, it is the most 
sertous type and must be cleared in from six to ten cycles. This 
demands the use of relays which will operate ‘‘instantaneously.” 

Recent suggestions have been numerous, and these are discussed, 
this discussion covering relays operating at normal frequency and 
those which have been operated or suggested for higher superimposed 
frequencies. 

While there is a number of difficulties attendant on the design of 
high-speed relays—these troubles depending on the type and con- 


struction of the relay—still high-speed relays may be made to operate 
on any of the present well-known principles, such as impedance 
principle, current balance principle, etc. They may employ either a 
mechanical structure or may make use of thermionic or gas-filled 
tubes. 

Attention is given to a mechanical relay of the impedance type 
operating with a speed of one cycle or less. Some discussion is also 
given of the reactance type relay with mention of its limitations, 
particularly that of the extra time required for its initiating element 
to operate. 

The effect of resistance at the point of fault (are resistance) is 
discussed and the conclusion drawn that, for extremely high-speed 
operation, it does not interfere with satisfactory relay performance. 
This is because of the time required for the arc resistance to increase 


to an appreciable value. 
* * * * * 


URING the past year or so, studies of system 
stability have been made with the view of deter- 
mining the conditions under which large amounts 

of power can be transmitted without danger of the 
equipment falling out of step under fault conditions. 

With high-speed relay and breaker operation, more 
power can be sent over a transmission line without 
losing synchronism on faults; insulator damage due to 
flashovers will be negligible; the damage to conductors 
will be practically eliminated, and interference with 
communication circuits reduced. 


NORMAL FREQUENCY SYSTEMS 


Since high-speed breakers require from four to eight 
cycles to open the circuit, high-speed relays, in order to 
keep the total clearing time within the required limits, 
must operate in one cycle or less on a 60-cycle system. 
Many relay operations will be less than one cycle,— 
possibly even below 14 cycle. 

High-speed relays may be constructed to operate 
on any of the present well-known principles, such as the 
impedance principle, the current balance principle, 
etc., and may employ either a mechanical structure or 
may make use of thermionic or gas filled tubes. 


A difficulty is that the transient values of short- 
circuit current may vary through a wide range depend- 
ing upon the point on the voltage wave at which the 
trouble occurs. 

A simple overcurrent relay may be compensated by 
means of a “‘transient shunt,’’ shown in Fig. 1, so that 
its performance will be uniform no matter at what 
point of the voltage wave the short circuit occurs. 
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This shunt is made up of resistance and reactance and 
is so proportioned that it carries the d-c. component of 
the unsymmetrical current and allows the normal 
symmetrical current to flow through the relay. 

It is necessary to make sure that a directional relay 
integrates the conditions existing in the power circuit 
over a considerable period of time. Except at unity 
power factor, the flow of power is always alternating so 
that the direction of trouble cannot be instantaneously 
determined. The oscillograms in Fig. 12 show some 


Transient Shunt Action of Transient Shunt 
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Fic. 1—Transient Saunt anp LABORATORY TEst RESULTS 


Showing that the shunt diverts the d-c. component from the over- 
current relay so that the first half cycle of current is the same 
value as the sustained current 


of the conditions which exist when the current is 
suddenly reversed in a transmission line. 


DIFFERENTIAL RELAYS 


On parallel lines, differential relays might be used 
and can easily clear the majority of troubles by opening 
the breakers simultaneously at each end of the line. 
It is well recognized, however, that when trouble is 
close to one bus (X Fig. 2), the relays at the other bus 
cannot tell which is the bad line and must wait until 
the closer relay has operated before they can act. 
This is what has been called “sequential” operation. 
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IMPEDANCE RELAYS 


The impedance relay will not eliminate sequential 
operation because (referring to Fig. 2) the two im- 
pedance relays at substation A cannot distinguish 
trouble at X any better than can differential relays. 
Furthermore, a relay at substation A cannot distinguish 
between a short circuit at X and one at Y if these two 


Sub A 


Fig. 2—Inuusrrating THE DirricuLTy THAT THE RELAYS 
AT SuB A WILL HAVE IN DistincuIsHiIng BETWEEN TROUBLE 
at X AND Y AND IN DETERMINING WHETHER THE Point X Is 
ON THE Top oR Bortrom LINE 


points are both close to the bus bars. It is therefore 
necessary to limit the operation of relays at substation A 
to a zone extending from the relay to M. This zone will 
be approximately 80 per cent of the length of the line 
section but it will vary depending upon the nature of 
the fault and the accuracy of the relay. 

The fundamental design of this type of relay, (Fig. 3), 
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Fia. 3—Tue Simpie, Hiau-Sprep, IMPEDANCE RELAY 


is simple. A current coil attempts to close the contacts 
but is restrained by the voltage coil. The two coils 
are so proportioned that they balance each other when 
a short circuit occurs at the point M. If the trouble is 
closer than that point, the relay will operate; if it is 
farther away, the relay will not operate. This device 
is instantaneous in the usual meaning of the term but 
of course it will operate faster when the trouble is close 
to it. Fig. 4 shows a characteristic time curve of the 
high-speed element as it is at present developed. 


fe 


0 20 100 
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Percent of Operating Zone 

Fig. 4A Cwaracteristic Time CurvE OF AN IMPEDANCE 
Reuay ApJUSTED FOR OPERATION ON A Line or MopmRatE 
LENGTH. 


When used on a short section the time may be slightly greater 


In order to care for the section of the line beyond 
the instantaneous zone, it has been proposed to use a 
definite time relay whose operation is initiated by a 
second impedance relay set to operate over a longer 
zone. This should be sufficient protection but to 
satisfy a frequent requirement, a second longer time 
relay, operated by a third impedance element, has been 
added for back-up protection to operate in case the 
breaker at the next station should fail to open as 
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expected. Several sections of transmission line repre- 
senting part of a network are shown in Fig. 5 with the 
relay time steps superimposed on top of the line. 


DIRECTIONAL ELEMENT 


Conventional induction type directional elements 
would be too slow for high-speed relays, but a modifica- 
tion has been made which will do fairly well if the volt- 
age can always be kept above 20 per cent of normal. 


Fia. 5—A Section or TRANSMISSION Linn Having SEVERAL 
SUBSTATIONS 


Showing the method of adjusting the instantaneous and time 
element impedance relay 


For unbalanced short circuits this is satisfactory if the 
customary connection is used which permits at least 
one relay of a set to obtain its voltage from an unaffected 
phase. For three-phase faults, this type of directional 
element will not be satisfactory, particularly because 
three-phase faults are most serious and must be cleared 
with the highest possible speed. One of several meth- 
ods which has been suggested for overcoming this 


1X Drop in Line 
Fic. 6—Errect or RESISTANCE OF AN 8-F'r. ARC ON THE 
ImpEepANCE oF 50 Mi. or SHort-Crrculirep 220-Kv. Line 


Insulators on all three phases assumed to have flashed over simultaneously 


trouble is to drive continuously a small synchronous 
motor having a sufficient flywheel effect so that it can 
keep its proper phase position during the line dis- 
turbance. (Fig. 8) Of course this motor will not 
stay in step for any great length of time but we are 
concerned with only the first few cycles. 


REACTANCE RELAYS 


The effect of resistance at the point of fault in short- 
ening the operating zone is frequently mentioned, but 


Tre 
E 


Fig. 7—SimpiteE REAcTANCE RELAY 


The balance point is where 12 = E J sin ¢ which, simplified, is J = E sin ¢ 


a number of years’ experience with relays of the im- 
pedance type indicates that this is not serious; at least 
for short circuits. In a short circuit, as distinguished 
from a ground, the only resistance can be that of 
an are. A remarkable set of tests made by Mr. P. 
Ackerman several years ago showed that long arcs of 
heavy-current values have a potential across them of 
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about 400 volts per foot. Some unpublished tests 
made in Germany gave a potential of 360 volts per foot. 
If the short circuit is close to the relay, this arc voltage 
will be too small to prevent the relay from operating; 
and if the trouble is near the far end of the operating 
zone, its vectorial relation at right angles to the reac- 
tance of the line will be such that it will not seriously 
change the length of this zone. 

Of course, if the are is not interrupted promptly, it 
will increase in length with a consequent increase in the 


Source of 
Potential 


Fie. 8S—Moror so CONNECTED THAT IT WILL MAINTAIN 
VOLTAGE ON THE PowER DiREcTIONAL CoILs oF A RELAY EVEN 
TuruGH THD PoreNnTIAL ON THE Linn May BE REDUCED TO ZERO 


voltage across its terminals. This increase in arc 
voltage will reduce the current somewhat and this 
current reduction may in turn increase the resistance 
of the are, this circle of effects continuing until the are 
voltage becomes a large fraction of the normal line 
voltage. But this requires time. Tests on two differ- 
ent power systems have shown that the are remains 
stable and of low resistance for five or six cycles. 

The same argument cannot be so easily applied to 
ground faults because it is conceivable that the earth 
has considerable resistance at the point where the fault 
occurs. It is possible to construct a reactance relay 
for ground protection, which will nullify the effect of 
the fault resistance to a large extent. A relay utilizing 
the reactance principle can be made in a manner similar 
to the impedance relay except that the restraining coil, 
instead of being operated by voltage, should be con- 
structed as a wattless component indicator (Fig. 7). 
For a single-phase system, this is easy to apply, but 
because of the different kind of faults which occur, 
difficulty is encountered on a three-phase system. 

The preceding discussion considers the various ele- 
ments which go to make up a high-spéed relay operating 
at normal frequency. The complete device having all 
the necessary elements contained in one case is shown 
in Fig. 9 which illustrates a single-phase high-speed 
directional impedance relay. 


THE USE OF THERMIONIC AND GAS-FILLED TUBES 


Because of some obvious advantages, the use of devices 
of these types has been suggested by many engineers. 
Work along this line is progressing rapidly and there is 
no reason why impedance relays, including directional 
elements, should not be constructed of such material. 

The tube is faster than any mechanical device having 
the same burden on the current and potential trans- 
formers. Because of the time constants of the various 
electrical circuits, it will probably be difficult to obtain 
the extremely high speeds which might be expected. 
But then, speeds much below 0.38 cycle appear difficult 
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to attain because of the time required by the directional 
element. 
HIGH-FREQUENCY SCHEMES 

The only apparent methods of securing simul- 
taneous operation of the breakers at each end of a 
section of line under all locations of fault of is by means 
of some high-frequency scheme. , 

Some of the high-frequency schemes which have been 
suggested will increase the speed of relay operation; 
others will simply make sure that the breakers at both 
ends of the line will be opened simultaneously at the 
speed which may be attained by normal frequency 
relays. A superimposed scheme has been suggested, 
carrier current is in use, and several proposed schemes 
are being investigated. Consideration has been given 
to the use of both moderate frequencies of the order of 
500 cycles and carrier current frequencies of from, say, 
20 to 100 kilocycles. 


SUPERIMPOSED HIGH FREQUENCY 


The superimposed high-frequency scheme described 
by Mr. L. R. Ludwig before the Institute June 25, 1928, 
promises to become of considerable importance. The 
method is to superimpose a high frequency on the power 
system at various points—probably at every place 
where there is a power transformer—and,depend upon 


Fig. 9—Higu-Serep IMPEDANCE RELAY WITH DIRECTIONAL 
ELEMENT AND WITH SHORT-TIME AND Back-Up Time BLEMENTS 


the short-circuiting of this high-frequency circuit to sec- 
tionalize the transmission line. The reason for using 
the high frequency is that it can be more cheaply 
blocked out of line sections than can the normal 
frequency. 

For a three-phase system, a three-phase generator 
may be used so that short circuits between wires as well 
as short circuits to ground can be isolated. Directional 
relays can easily be provided on such a system although 
they will not usually be required. 


POWER REVERSAL CURVES 
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CARRIER CURRENT SCHEMES 


All of the carrier current schemes that have been 
suggested make use of some characteristic of the funda- 
mental current for their operation or else they depend 
upon normal frequency relays which send out a high- 
frequency impulse to the other end of the section. 
They are all equivalent to the use of pilot wires. 
Various frequencies have been suggested ranging from 
500 cycles to 100 kilocycles but the difference in fre- 
quency does not materially affect the principles in- 
volved; neither does it appear that any particular range 
is less likely than another to be interfered with by the 
power arc disturbance which occurs during the trouble. 
The advantage of a higher frequency seems to be that 
it is somewhat easier to block out of circuits where 
it is not desired. 

The method which has been installed on at least two 
power systems in this country and which has been 
described by Mr. A. S. Fitzgerald,! of the General 
Electric Company, makes use of the effect that when 
trouble occurs in a section, the current in the two ends 
of the wire is flowing to the fault in opposite directions. 
A sending set and a receiving set at each end of the line 
are both polarized by these currents so that an impulse 
will be sent out from one end when the current is in a 
certain direction and it can only be received by the 
receiver at the other end when the current is in the 
opposite direction. 

Another scheme is based upon the fact that at least 
one end of the line section can always be opened simul- 
taneously by normal frequency relays no matter where 
trouble occurs. The idea is to have this relay not only 
open its own breaker but to send an impulse to the other 
end of the line and open the other breaker. An 


Z| I \\ 
Vv 
WATTS 
—— ieecaww eae 
Fig. 12—Reversan of Current av THREE DIFFERENT 
Points IN THE VOLTAGE WAVE OF A TRANSMISSION LINE 


Showing the transient effects in current and power flow 


advantage of this arrangement is that the high fre- 
quency is not actually used in the majority of cases of 
trouble and if it should fail, the effect would not be so 
serious as would be the case if it were always depended 
upon. Even if it should fail on a case of trouble near 
one end of the line, the result would be sequential 
operation, not a total failure to clear trouble. Of course 
all carrier current schemes can readily be interlocked 
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with normal frequency relays so that when there is no 
trouble, false operation can be prevented. 

A 500-cycle carrier current scheme of this type 
applicable to parallel lines is shown in Fig. 17. Two 
frequencies, say 480 cycles and 600 cycles, will be 
introduced when desired, one frequency to trip the 
breakers on line No. 1 and the other frequency to trip 
the breakers on line No. 2. Two generators will be 
run continuously at each end and the proper impulses 
sent out whenever any normal frequency relay operates. 


4 High 

Sr Freq. 

Equip. 

Fig. 17—A 500-Cycitre Carrier CURRENT SCHEME APPLICABLE 
TO PARALLEL Lines or Loops 


When an instantaneous relay at either end of a line operates it opens 
its own breaker and sends an impulse to the other end of the line to open 
the other breaker 


This impulse will be received at the other end by the 
relay which is tuned to it, and the proper breaker will 
be tripped. 


POWER ARC DISTURBANCES 


There is no doubt but that when considering the 
questions of high-frequency relay the arc which occurs 
at the point of faults must be given serious thought. 
Often there is no way to send a carrier impulse to the 
next station except over the line which is in trouble. 
It is conceivable also that this are may send a false 
signal. The difficulty is that any shock to a tuned cir- 
cuit will cause it to oscillate and this shock may be 
applied to the tuned circuits of receiving sets over a 
large part of the power system. This may result in a 
tripping impulse being improperly given. It will 
not help much to have the carrier running continuously 
and interrupt it as a signal, because the are disturbance 
may be of such a nature that the stoppage of the carrier 
will not be detected. 

Apparently the answer to this difficulty is to raise 
the power level. By this is meant to increase the 
amount of power used by the carrier equipment to such 
a point that it will not be seriously influenced by the 
disturbance set-up at the point of fault. 


SUMMARY 


In order that the systems may be kept stable, present 
day developments in the central station industry de- 
mand high-speed protective relays. 

Suitable designs are now available and in exacting 
service for the past eighteen months a single-phase 
installation has received a thorough test. 

Improvements are now being made so that the relay 
art will keep pace with the circuit breaker development. 
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Normal frequency relays of the distance type are 
recommended. 

The shortcomings of these relays lie in the frequent 
troubles which can only be cleared by them sequentially. 

High-frequency protection must be used to overcome 
sequential operation on long lines where pilot wires are 
out of the question. 

The use of high frequency is largely an economic 
problem. If the lines have sufficient capacity, if the 
breakers are fast enough, and if the excitation response 
is quick enough, simultaneous breaker operation will 
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not be necessary. But where all these factors, or a 

sufficient weight of them, cannot be economically at- 

tained, then high-frequency methods should be used. 
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Synopsis.—This paper was written to review and extend the 
theory of overvoltages due to the arcing grounds because of the in- 
creasing tendency to use impedances between the neutral point and 
the ground, thereby losing the advantage of the solidly grounded 
neutral. The “‘third-class conductor” theory of Steinmetz 7s touched 
upon very briefly and is considered as not applying to transmussion 
line conditions. The theory when the phenomenon is controlled by 
normal frequency arc extinction, as presented by Peters and Slepian, 
is reviewed, and the maximum voltage for this analysis 1s found to be 


3 E, where E is the normal line to neutral voltage. The theory 
when the phenomenon is controlled by oscillatory frequency arc 
extinction as originated by Doctor Petersen is given in detail but in a 
modified and extended form. The maximum voltage for a single- 
phase circuit when no damping is considered is found to be 6 E. 
The analysis for the three-phase circutt 1s newly developed for the 
case in which there is an impedance between the neutral and ground 


and the maximum voltage is found to be 7.5 E when the effect of 
the damping factors and capacitance between lines is neglected. 
The method of determining the various reductions or damping 
factors is outlined. 

The effect of a neutral grounding resistor is discussed and it is 
pointed out that a surprisingly high value of resistance can be used 
without incurring the possibility of dangerous overvoltages. It is 
shown that the use of reactance is more liable to result in overvoltages 
than resistance but that relatively large values of reactance can be 
used in conjunction with resistance. 

The Petersen Coil is usually considered as causing the arc to go 
out by giving a balance of lagging and leading currents in the are. 
It is brought out in this paper that there will be no voltages built up 
when the Petersen Coil is used, whether or not the arc goes out. 

The relation of the overvoltages on a non-grounded and an effec- 
tively grounded system is outlined, and a criterion for determining 


whether or not a system is effectively grounded is proposed. 
* * * * * 


N the early days of the industry most of the power 
systems were operating with an isolated neutral. 
Overvoltage troubles due to the accidental ground- 

ing of one line were prevalent. Frequently the acci- 
dental grounding of a line in one place would cause 
flash over of the insulation in many other widely sepa- 
rated points on the system. This trouble was practically 
eliminated by the adoption of the practise of solidly 
grounding the neutral. 


The operation of systems with solidly grounded 
neutrals was very satisfactory until the systems grew 
so large that the power concentration in the fault be- 
came a serious matter. As a result it was proposed to 
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cut down the current which would flow in the fault by 
the introduction of impedance in the neutral ground 
connection, which raised the question of the possibility 
for overvoltages to be developed on the system as a 
result of arcing grounds. This analysis was made to 
find out whether or not such overvoltages might result, 
and if so to determine what the magnitudes might be. 

There are three methods of explaining the over- 
voltages which might result from an arcing ground: 
One was put forth by Dr. Steinmetz, but probably 
does not apply to conditions as found in the transmis- 
sion line; in another, the extinguishing and restriking 
of the arc is assumed to be controlled by the normal 
frequency conditions; while in still another, the ex- 
tinguishing of the arc is assumed to be controlled by 
oscillatory are conditions and the are is assumed to 
restrike at the instant the normal frequency voltage 
next reaches its crest value. 

With an isolated neutral, the oscillatory frequency are 
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extinction is the most probable one, while if the neutral 
1s grounded through an impedance, the normal frequency 
are extinction appears to be most probable. How- 
ever, two recent incidents indicate that occasionally 
even with the neutral grounded through impedance the 
phenomenon may be controlled by oscillatory frequency 
are extinction. One case involved a cable circuit for 
which the ground connection was made through a 
grounding transformer. Trouble occurred in the joints 
and insulators at each end of the cable flashover. The 
voltage required to flashover the insulators could not 
be accounted for by an analysis made on the assump- 
tion of normal frequency control. The disconnecting 
switches on which the flashovers occurred had recently 
been installed so that dirt on the insulators could not 
be held accountable. In another case, the neutral was 
grounded through a reactance coil; one conductor 
broke and fell down with the result that an oil circuit 
breaker flashed over and a transformer broke down 
at another point on the system; the voltage required 
to flash over the oil circuit breaker was higher than that 
indicated by normal frequency arc control. These two 
instances indicate that for the present at least it is best 
to take a pessimistic view of the situation and base the 
analysis in regard to possible arcing ground voltages 
on the assumption that will give the highest voltages, 
which is that the phenomenon is controlled by oscil- 
latory frequency arc extinction. 

In making the analysis it is assumed that the arc 
on the faulty line strikes at the crest of the voltage 
wave and is extinguished the first time the oscillatory 
frequency current passes through zero. At this 
instant, the sound lines have their maximum voltage 
to ground, and to establish this voltage over the capaci- 
tance of the two sound lines to ground there is a charge 
necessary on these lines. Since the arc is extinguished, 
these charges are trapped on the sound lines and cannot 
escape to ground; accordingly, this charge distributes 
itself over the system and establishes an average poten- 
tial of the system to ground. ‘This redistribution of the 
trapped or bound charge is assumed to take place rather 
quickly and any oscillations incident to it are neglected 
in the analysis. The are is assumed to restrike the 
next time the faulted line reaches a maximum potential 
to ground; and since the neutral is displaced, the voltage 
to ground increases in steps, as does also the voltage 
to which the sound, lines oscillate, these steps be- 
coming smaller and smaller as they approach a 
limit. Thi; is a brief outline of the theory when the 
neutral is isolated and was originally proposed, the 
author believes, by Doctor Petersen. 

The theory as modified to take into account the 
grounding of the neutral through an impedance is 
based on the same assumptions. When the neutral is 
grounded through an impedance, however, there is a 
path to ground over which the bound charge can escape. 
If the impedance of this path is sufficiently low, the 
bound charge will all be gone before the arc restrikes 
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and of course there will be no overvoltages built up. 
If the impedance between the neutral and ground is 
high, there will be a portion of the bound charge still 
on the sound lines when the arc restrikes, and it will be 
possible to build up a certain overvoltage by the arcing 
ground phenomenon. Ordinarily, however, the flow of 
the dynamic short-circuit current will be sufficient to 
prevent the control of the phenomenon by the oscil- 
latory frequency current. In view of the fact that high 
voltages have occasionally been developed on sup- 
posedly grounded systems, it appears desirable,—for the 
time being at least,—to base analysis on the assump- 
tion that the control is by oscillatory frequency arc 
current. When the system is isolated and one line 
grounded, the dynamic neutral shift is equal to the leg 
voltage; but when the neutral is grounded, the dynamic 
shift is less than the leg voltage. This factor has been 
taken into consideration in the determination of volt- 
ages when the neutral is grounded. 


The maximum possible voltage on a three-phase 
system that can be developed from an arcing ground 
is 7.5 times normal line-to-neutral voltage. In an 
actual system there are various reduction factors 
present which bring the maximum voltage to be ex- 
pected on an isolated system down to approximately 
5.5 times normal. When the neutral is grounded 
through an impedance, the calculated voltage may be 
anything up to 5.5 times normal, depending upon the 
value of the neutral grounding impedance. 

The insulation of certain apparatus depends upon 
whether or not the circuit may be classified as a 
grounded circuit. In the past it has generally been 
the practise to classify a circuit as isolated neutral 
when any impedance at all is placed in the neutral. 
This analysis indicates that rather high values of either 
resistance or reactance may be placed in the neutral 
without incurring the possibility of dangerous over- 
voltages due to arcing grounds. However, it seems 
wise to go slowly in this matter and base the limitations 
as to an effectively grounded circuit on the assumption 
that the arcing ground phenomenon is controlled by 
oscillatory frequency arc extinction. This will give 
conservative results and later, if experience warrants, 
the requirements may be modified. 

This analysis shows that successful operation of the 
Petersen-coil, in which in this country increasing interest 
is being shown, does not require that the arc be ex- 
tinguished. When the Petersen coil is exactly tuned, 
the are will be extinguished and no overvoltages will 
result; and even if the coil is not tuned exactly, the are 
may not be extinguished but over a considerable range 
of inductance on either side of the resonant value, 
serious arcing ground voltages will not be built up. 


OSCILLATORY FREQUENCY ARC EXTINCTION 


Single-Phase Circuit. To illustrate the method of 
analysis the analysis for the single-phase circuit will 
be given complete and in detail. In Fig. 7 are repre- 
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sented the two wires of a single-phase circuit together 
with the respective capacitances. The effective value 
of these capacitances at any instant depends upon the 
potentials of Lines 1 and 2. In Fig. 2 is shown the 
voltage wave of the two wires in respect to ground. 
The maximum voltage to ground of either line wire is E 
and the voltage between wires is (H, — E,) or (H; — E2) 
with a maximum of 2 E. 

The arc is assumed to strike from Line 2 to ground, 


E\-2 


Higa 2 


thereby reducing the potential of this line to zero and 
short-circuiting the capacitance between it and ground. 
The initial are is considered to occur when Line 2 is 
at its maximum potential to ground (H, = + E). 
At this instant for steady-state conditions the zero 
potential of Line 2 requires a potential of (— 2 E) 
on Line 1, which is equivalent to impressing a voltage 
of (— 2H) on Line 1. At the instant the arc strikes, 
the potential of Line 1 is (— F) and the transition from 
(— FE) to (- 2 E) takes place as an oscillation (see 


Fig. 144). It is assumed that the are goes out the 
first time the oscillatory arc current passes through 
te 

| 
— a= 
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zero, which is practically simultaneous with the instant 
of maximum potential of Line 1. 

In Fig. 8 are shown the conditions immediately after 
the arc has struck and the conditions at the instant the 
arc has gone out. At the instant the arc goes out, the 
voltage to ground on Line 1 is (— 3 E), which necessi- 
tates a corresponding charge (— Q) on the sound line. 
After the arc goes out, this charge distributes itself over 
the system, passing through the apparatus at the end of 
the line, and establishes the average potential to ground 


i 
of the system as ( —1 9 E ), corresponding to a 


Q 
charge of ( me te ) on eachofthetwo lines. This re- 
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distribution of charge takes place through an oscilla- 
tion which is not shown in the diagrams. 

After steady state conditions are attained, conditions 
are as indicated on the right of Fig. 8. However, this 
steady state cannot be maintained, as the faulty Line 2 


will again arc to ground and it is assumed that this will 
occur when its potential to ground becomes a maximum. 
This is shown in Fig. 9 in which the second arc is given 
as striking when the voltage of the faulty Line 2 has 


ij Y 
reached a value of ( —2 9 E ), At this instant the po- 


tential of Line 2 immediately goes to zero. For re- 


+ | +436 


-\l-5le 
Fig. 9 


sulting oscillation, the initial potential of Line 1 is 
ib: 
( — oF ) and the impressed voltage is (+ 2E), as 


required by the condition of zero potential on Line 2. 


The transition from a potential of ( — ; E ) to (+2 E) 
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takes place through an oscillation which has an applied 


i 
voltage of +2EH— (-4#)| or (+258 ). 


The maximum potential to which Line 1 oscillates 
: BT or 1 1 
during the oscillation is (2 > E+2 r) or (+ 4 3 r), 
at which instant the arc goes out, leaving a charge 
: il 

corresponding to a potential ( +4 9 K ) on Line 1. 
This charge then diffuses itself through the entire 

hess ; 1 ee 
system establishing an average potential of ( + 2 a2 ) 


through the system. 
As before, the potentials of Line 1 and Line 2 vary 
about this average potential, and when the potential of 


‘ : 4 if 
Line 2 reaches its maximum value of ( +3 qe ), the 


are strikes again. At this instant the potential of Line 1 


1 
is ( +1 Ti E ) so that the resulting oscillation has an 
impressed voltage of (— 2 FE’) and an applied voltage and 


1 1 
amplitude of (- 2-1 8 ) = (- 378 ). The 


i! 
potential of Line 1 goes to a maximum of ( —5 a: E i 


at which instant the arc goes out. A charge correspond- 


1 
ing to a potential of ( — 5 af E jis left on Line 1 and 


this charge diffuses as before throughout the entire 


8 


over the two lines. This process repeats itself until 
the maximum voltage is attained or something happens 
to remove the system voltage. 

The maximum possible voltage can be determined 
from the following considerations and by reference to 
Table II. Let the maximum potential of a negative 
oscillation be denoted by (— Vi), (see Fig. 9). Im- 
mediately following the extinction of the arc, the charge 
associated with the voltage (— V;) will distribute itself 
throughout the system and establish a potential P. 
To determine P it is necessary to know the relationship 
existing between the various capacitances involved. 
When Line 2 arcs to ground, it goes to zero potential, 
and the potential (— V;) to which Line 1 oscillates is 
established over the capacitance C,, requiring a charge 

Q=—-ViC, (11) 


The capacitance C, is defined as the capacitance of one 


5 
system, establishing an average potential of (- eae ih ) 
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line wire to ground when the other line wire is grounded; 
1. @., at zero potential. 

The are goes out when the oscillatory arc current 
passes through zero, and this charge Q, now diffuses 
throughout the system and establishes the average 
potential P over the capacitance of the two line wires in 


parallel. If C, be defined as the capacitance of one of 
TABLE II 
DERIVATION OF MAXIMUM VOLTAGE 
ArciNOvare cere 1 2 3 4 5 N |N+1/N+2 
le es ies sbibgo: 
Tinoe 2s ven shee Jap lah 2 +3 4 -—3 8 +376 = ai 
lee peed pape 
DineMe serene a E; |-1 mes +1 ly +16 - + 
DY goad is a8 peas a es 
PANG Vitesse a Ei ih ani seal ry +136 = Sie 
Impressed V....| Eo | —2 +2 —2 +2 —2 +2 —2 
1 1 5| 138 og 
Amplitude...... A —{ | +2 9 —3 4 +3 8 —336 ete = 
< 2 eed ees ee . 
ax. Viense see Vi —3 +4 2 —5 +5 8 516 —6 +6 = 
x 20 a 5 13 29 3 
vyerage: Vi 22224) 2 =1 2 +2 4 +2 +276 — 235 =} +3 - 
fey = 1 1 5] 13] 29) . = 
0 peeaee - te, re He A este sale Ty +1i¢6 —135 - aie = 
- f 1 5} 13) 29] | 
CLaY: Pa one a Bre RM 2 —25 +33 —3% +376 —335 = Se = 


Voltages given in the table are in terms of the line voltage &. All 
reducing factors have been neglected. 

Since Line 2 is assumed to arc to ground the impressed voltage is 2 E 
with the sign taken as opposite to that of E2 and the initial voltage is the 
voltage of Line 1. 


A = Ep) — E, taking proper sign of Eo from sign of E2 
Vii =Eq +A £;'’ =P-E 

Vi’ 
Pg ae Ee’ =P+E 


2 


The values for the first three arcs can be taken from or checked against 
Fig. 9 and the rest of the values follow obviously 


two wires to ground when both are at the same potential, 
the capacitance of the two wires together will be 2C. 
and we can write 


g 


Ca 


P=-<5V; (1 — a) (12) 

The factor (1 — a) is added to make allowance for 
any charge that may leak off and for the charge that 
may be taken up by the terminal apparatus. It should 
be noted that the resistance in the circuit has no 
effect upon the final average voltage P except to 
influence the time required to reach the steady state 
conditions. 

After a half cycle, the voltages are 


E a Cs E 3 
Le eo 1G, (1— a) + (13) 
E ay Cs E 14 
Pees oy OU is lO) (14) 


and when the faulty Line 2 reaches this potential the are 
will strike again. These expressions for HE, and HE; 
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have been obtained directly from (12) by adding or 
subtracting FH. 

When the are strikes, the potential of Line 2 drops to 
zero, losing its charge, and the charge Q,’ which is asso- 
ciated with the voltage HE, must now establish another 
voltage E,’ over the capacitances C, of Line 1 to 
ground when Line 2 is at ground potential. This 
involves a change in the electrostatic field only and 
takes place very rapidly. 


The charge associated with the potential E, is 


C? (15) 
Cad 


1 


and upon substituting the values of EF, and EF, from (13) 
and (14) there results 


aro, | (14 


C. )-$" aa) | (16) 


the potential established by this charge being 


1 
BY -E(1+%-)-gvid-o (17) 
The fact that Line 2 is at zero or ground potential 
requires that Line 1 be at a potential (+ 2 E), but in- 
stead, it has the potential E,’, and this difference be- 
tween impressed and initial potential produces an os- 


cillation having an amplitude of 


A={2E-E,'}(-d) (18) 
and giving a maximum voltage of 
V,'=2E+A (19) 


The limiting value will occur when the maximum 
potential of any oscillation is the same as that of the 
immediately preceding oscillation; that is, when V,’ 
= V,; and then 

C 
)a-@ 


2+(1- 7m 
ee aie) 


This expression gives the maximum voltage that can be 
set up by an arcing ground on a single-phase circuit, 
with the analysis based on the extinction of the arc 
when the oscillatory current first passes through zero. 

The maximum possible value is six times normal line- 
to-neutral voltage as compared with four times, as ob- 
tained from the preceding analysis. Table II further 
illustrates the building up of the voltage on the sound 
line and also fixes six times as the limit. By inspection 
of Table II and Fig. 9 it can be seen that the values of 
V, and V,’ have the following relation between any 
two consecutive values, 


Vos oe (20) 


‘| 
Vat Sel pete Oma) 
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which indicates that V; can never be greater than 6. 
Writing in the values 6 for V; in the column for the 
nth are it is seen that the (N + 1)th and (N + 2)th 
arcs give no higher values, thereby establishing the 


Impressed voltage=eo 
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Fig. 14a 


Initial voltage =e, 


Applied voltage =¢@ 
€=€o-@) 


Amplitude =A 
A= @=@9-@} 


le p= 


limit as 6 times line to neutral voltage, for the voltage 
produced by an arcing ground in a single-phase system. 
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DROPPING A DAM INTO PLACE 


The Alcoa Power Company, Limited has under 
construction a large hydroelectric power development 
at Chute-a-Caron on the Saguenay River which 
has a flow varying from 35,000 to 225,000 cu. ft. per 
sec. The site selected was a gorge located in a rocky 
section of the river. To complete the large masonry 
dam across this gorge it was necessary to divert the 
river, at low flow, through a new channel. 

Due to the extreme depth and high velocity of this 
water it was suggested that a large, reinforced-con- 
crete tower, or “‘obelisk,”’ of the proper length, curved 
on one side to fit as nearly as possible the bottom of 
the river, be built on a concrete pier at a convenient 
place upstream from the power dam; then by blasting 
away a small portion of the pier, tip the obelisk over 
into the river to form a dam. So carefully was the 
whole scheme worked out by the engineering staff 
and construction engineers on the ground that when 
this block of masonry, 92 by 45 by 45 ft., containing 
5500 cu. yds. of concrete, was dropped into the river, 
it landed almost perfectly into the place for which 
it was computed. 

The entire scheme was a bold one but was carried 
through successfully and accomplished complete, satis- 
factory cofferdamming of a most dangerous and 
difficult stream.—Research Narratives. 
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The Calculation of Cable Temperatures 


in Subway Ducts 
BY WALLACE B. KIRKE! 


Associate, A. I. E. E. 


Synopsis.— Underground transmission and distribution circuits 
are being continually extended, and large amounts of new capital 
invested each year in the conduit and cable systems which this 
extension requires. More and more frequently the cable engineer is 
called upon for accurate information as to the maximum loads that 
may safely be impressed on underground cables without exceeding 
the temperature limits recognized in present day practise. 

The importance of the study of cable temperatures has long been 
recognized, and much excellent material has been published con- 
cerning its several phases. In particular, the copper temperature 
rise of loaded cables above the surrounding air has been fully ana- 
lyzed. Less thorough treatment, however, has been given the 
determination of the temperatures existing in loaded duct structures, 
and to the behavior of cables carrying cyclic loads. 


It is the purpose of this paper to present a comprehensive survey of 
the whole problem of cable temperatures by consolidating informa- 
tion on cable temperature characteristics with the equally important 
problem of the characteristics of duct structure when the cable 
circuits are subjected to the cyclic loads usually found in practise. 

The information herein presented on the subject of duct bank 
temperatures is the result of an investigation in the metropolitan 
district of New York, carried on for several years under widely 
varying conditions. The constants given for certain types of 
duct structures may not be universally applicable to other localities, 
but it is believed that the method of attack will be helpful to other 
engineers in analyzing test data obtained upon their systems and in 


separating the various factors involved. 
% + 2 ee 8 


CABLE TEMPERATURE RISE ABOVE AIR IN 
ADJACENT IDLE DUCT 
Temperature Rise of Copper above Sheath. In general 
this temperature difference can be expressed as: 


T, = WwW H 1 (1) 
where 
T, = Temperature rise of copper above sheath in 
deg. cent. 
W = Total watts per ft. of cable for all cables occu- 
pying the same duct. 
H, = Heating factor or thermal resistance per foot 


length of cable. 
This factor depends upon the geometry of the cable and 
on the thermal resistivity of the insulation and can be 
expressed as H, = R X form factor, where RF is the 
thermal resistivity of the insulation expressed in deg. 
cent. per watt per in. cube. 

The charts shown in Figs. 1 to 4 (complete paper) 
give form factors for several types of cables. The 
nearest equivalent mathematical expressions for these 
form factors are as follows: 

1. Single-conductor cables 


0.0305 


dy : 
Form factor = —~—— logi.—, — (Fig. 1) (2) 
nN dy 


I 


where d, = conductor diameter 
d. = inner sheath diameter 
n number of cables in same duct 


2. Concentric cables 
Form factor = 0.0305 [0.5 log (d3/di) + log (d2/d,)] (3) 


1. Outside Plant Engineer, Brooklyn Edison Company, Ince., 
Brooklyn, N. Y. 

2. A. I.E. E. Trans., 1923, p. 600. 

Presented at the North Eastern District Meeting of the A. I. E. E., 
Springfield, Mass., May 7-10, 1930. Complete copy upon request. 


ll 


where d, = diameter of inner conductor 
d. = inner diameter of sheath 
d; = inner diameter of outer conductor 
d, = outer diameter of outer conductor 


3. Three-conductor cables, round conductors. (Fig. 2) 
Form factor (three conductors to sheath) 


8c¢ b) (e b 
= 0.0102 Logiy [3 \ Cieza) + 1 | (Simons)? 
1€ 
(4) 
where c = thickness of conductor insulation 
b = thickness of belt insulation 


d, = diameter of conductor 


In the case of sector conductors d, should be taken as 
the diameter of the equivalent round conductor and the 
form factor as calculated should be multiplied by 0.9. 


4. Shielded conductor cables (type “‘H’’) 

In the case of shield-conductor cable, the form factor 
was derived by averaging the form factors for three- 
conductor belted cables and three single-conductor 
cables. This method has been found to check with 
the results of comparative tests between the belted type 
and the shield-conductor type of cables manufactured 
under similar conditions. 

Values of R, the thermal resistivity for impregnated 
paper insulation, have been found as follows: 


R 
Deg. cent / Deg. cent / Type of 
watt /in.* watt /em.? cable Remarks 
350 (900) 600 volt | Old, dry, operated at 
high temperatures 
300 (760) 15,000 “ Old, fairly dry 
270 (685) # “| Well impregnated but 
several years in ser- 
vice 
200 (510) 33.000 “ | New cable 
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Temperature Rise of Sheath above the Surrounding 


Duct Wall. 
T» = W A, (5) 


Where 7, = temperature rise of sheath above the sur- 
rounding duct wall. 

heating factor or thermal surface resis- 
tance of the sheath in deg. cent. per 
watt per ft. length. 


It is impracticable to measure the rise of the sheath 
above the air in the same duct except by soldering 
thermocouples along the cable sheath at intervals 
before pulling it into the duct, and by comparing the 
sheath temperatures thus obtained with the tempera- 
ture of the air in an adjacent idle duct at corresponding 
locations. The rise of sheath above air should be 
independently determined by testing the cable in still 
air ina laboratory. The difference between the values 
thus obtained by testing in air and by testing in the 
duct, when the adjacent empty duct temperature is 
referred to as the ambient, will give the temperature 
drop in the duct wall, as discussed in Section C. At low 
temperature differences, the temperature rise of the 
sheath above surrounding air approximates 185 deg. 
cent. per watt per in.” or 1200 deg. cent. per watt per 
em.?; but at higher temperature differences, there is a 
strict proportionality between temperature rise and the 
four-fifths power of the watts per unit area. 

The four-fifths power relation can be readily approxi- 
mated by the following expression: 


4.9 
D (1 + 0.013 W) 
Where D = sheath diameter in inches 
W = watts per ft. 


In the case of several single-conductor cables in the 
same duct the effective sheath area can be taken as the 
“envelope” surface. If 1 is the number of cables in 
the duct: 


lI 


And #H, 


Hy-= (6) 


15.4 
(n + 7) D (1 + 0.018 W) 7 


Temperature Rise of Loaded Duct Wall Above Arr 
in Adjacent Idle Duct. The table below gives the 
temperature rise of the sheath of a cable having a 
diameter of 2.52 in. when tested in air and also when 
tested in a concréte duct structure. 


lal = 


Temp. rise - Difference Temperature 

Temp. rise | sheath above in temp. difference 

sheath adjacent duct rise in the per watt 

Watts /foot above air air temp. two tests per foot 
10 Liha! 25.1 8.0 0.80 
20 30.6 46.2 15.6 0.78 
30 42.0 64.5 22.5 0.75 
40 53.3 81.6 28.3 0.71 


The temperature differences through the duct wall 
obtained in this way were found to give a heating 
constant of 0.75. 


Therefore To W He = 0:1. (8) 
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It is usually desirable to associate this heating con- 
stant with that of the cable insulation and sheath since 
being a function of the loss of the individual cable, it 
refers the temperature rise of the cable to a point where 
temperature surveys can most easily be made; 7. e., in 
an adjacent empty duct. 

Summary of Cable Rise Above Air in Adjacent Duct. 
T, =1T,+7,+ T; = temperature difference between 
copper and air in an adjacent idle duct. 


T, = W (A, + A. + As) 
4,9 ) 
= WV (x >< form factor + Dd + 0.013 W) + 0.75 


(9) 
Load Temperature Chart. It has been found very 
advantageous to prepare a chart as shown in Fig. 7 
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Fie. 7—Cuart or 350,000-Cir. Mit Turez-Conpuctor CaBLEs 


27,000-volt 60-cycle 2-1/64-in. insulation 

Shielded type—sector conductor 

Outside diameter 3.0 in. 

To obtain copper temperature for a continuous load from air temperature 
in adjacent empty duct start at bottom scale at the duct temperature and 
follow dotted line until it intersects full heavy line for current value used. 
Drop vertically down and read copper temperature on bottom scale 


for each type of cable used by the operating company. 
These charts show the relation between ampere loading 
and temperature for any duct air temperature and can 
be used as a ready reference for almost any sort of 
operating condition. Curves of temperature vs. watts 
lost are plotted as a series of dotted lines slanting 
upward to the right and from 5 to 10 deg. apart. 
Next, the copper loss per foot length of cable is 
calculated for various ampere loads and for the two 
temperatures that mark the extremes of the horizontal 
scale. These values are plotted on the chart and a 
straight line drawn between each pair of points. 
One then has a second group of curves representing 
copper losses as a function of current and temperature. 
The dielectric loss as estimated or determined for the 
cable under consideration should be plotted on the 
chart as a no-load curve and should also be added 
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directly to the line representing copper losses for each 
value of ampere loading. In Fig. 7, the lighter, straight 
nearly horizontal lines represent the condition when no 
dielectric loss is present, but for operation at 27,000 
volts, for which this cable is designed, the heavier, more 
curved lines should be used. It is assumed for sim- 
plicity that the entire dielectric loss for three-conductor 
cables occurs at the conductor surface. This assump- 
tion, while not strictly true, is on the side of safety. 
To obtain the continuous rating for the cable whose 
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PERCENT OF ULTIMATE VALUES ON CONTINUOUS LOAD 


Fic. 1O—CHARACTERISTIC TEMPERATURE CURVES 


thermal and total loss characteristics are shown in 
Fig. 7, start at the duct temperature on the horizontal 
and follow the dotted curve of temperature rise vs. 
watts lost until it intersects a vertical line representing 
the limiting copper temperature. By interpolation, the 
nearest ampere reading is obtained on the total loss 
curve. 


CALCULATION OF CABLE TEMPERATURES UNDER 
VARIABLE LOADS 
It is frequently desirable to have two ratings for 
each cable; one for continuous loads, and one for the 
actual 24-hr. load cycle that the cable is operating under. 
It has been found that the most practical method of 
ealeulation for variable loads is a ‘“‘step-by-step” 
method which is described in detail in the complete 
paper. 
TEMPERATURE RISE OF DucT BANKS ABOVE 
AMBIENT EARTH TEMPERATURES 


The temperature rise of the air in the idle duct of a 
loaded-duct bank will vary with respect to the ambient 
_ earth temperature; (1) throughout the day as a func- 
tion of the heat generated by the cables in the duct 
bank; (2) throughout the length of the run from man- 
hole to manhole as depending on the condition of the 
soil surrounding the duct bank; and (8) throughout 
the cross-section of the duct bank as a function of 
the shape, dimensions, and material composing the 
structure. 

1. The duct bank and surrounding earth acts as 
such a large heat reservoir that the duct temperatures 
require a long time to reach sustained values. Starting 
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cold, about 24 hr. are required to reach two-thirds of 
their ultimate temperature rise and with the usual 
cyclic loading, about three days are re uired to reach 
maximum temperatures. Due to the falling off of load 
in metropolitan districts over week-ends, duct tem- 
peratures are much lower on Mondays than on following 
days and the maximum temperatures usually occur on 
Wednesdays, Thursdays, and Fridays. There is a 
certain amount of daily variation in temperature 
rise, as illustrated in curve D of Fig. 10, this fluctua- 
tion being about plus or minus 25 per cent for load 
factors of 40 per cent to 60 per cent, the maximum 
duct temperatures occurring several hours after the maxi- 
mum load. The constants used in this paper are 
selected to give the duct temperature at the time of 
maximum copper temperature, and as such, represent 
values approximately 20 per cent greater than would be 
expected for strictly 24-hr. continuous loading as 
ndicated by point M on curve D. In all cases, duct 
temperature calculations are based upon the losses 
over a 24-hr. period. 

2. The temperature rise of the air in the empty duct 
is likely to vary plus or minus 25 per cent along the 
length from manhole to manhole, principally on ac- 
count of the type of soil, moisture content, ete. Varia- 
tions greater than this may indicate the proximity of 
steam pipes or other sources of heat. 

3. The temperature rise throughout the cross-section 
of the duct bank varies with the shape, dimensions, and 
material composing the structure. Each layer of ducts 
from the outer surface towards the center has an incre- 
ment of temperature rise over the next outer layer which 
is proportional to the heat generated within the layer. 
If one assumes that the losses are evenly distributed 
throughout the bank, (a condition only approximated 
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in practise) the temperature rise of each layer can be 
expressed as a function of the total watts lost per foot 
in the entire bank. Each layer of ducts will then have 
its own heating constant which if multiplied by the 
average watts per foot over 24 hr. for the entire bank 
will give the temperature rise of that particular layer of 
ducts. In the case of deep narrow duct banks the end 
ducts will have more than the average amount of 
radiating surface, and will run cooler, since the constants 
used in this paper refer to the more centrally located 
ducts. 
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The temperature rise of the air in the idle duct above 
the ambient earth temperature is divided into two 
parts as follows: 

The Temperature Rise of Air in the Idle Duct above 
the Surface of the Duct Bank. Let the temperature 
rise of the air in any duct over the outer surface of 
the duct bank be 7, then 

Ty a Wm Hi, (13) 
where H, represents the heating constant of a particular 
layer of ducts above the outside surface of the duct 
bank and W,, is the mean watts per ft. of all cables 
in the duct bank, over 24 hr. 

Let K, be the thermal resistance of a single duct 
in deg. cent. per watt per ft. length. This, in Fig. 
11, is the temperature rise of the center of one duct 
above the center of the next outer duct with a heat 
transfer of one watt per ft. Fig. 12 shows a duct 
bank M ducts wide and N ducts in depth. An 
assumption can be made that the temperature of 
the air in an idle duct is approximately half way 
between the temperature of the air in loaded ducts 
in the same layer and the temperature of the next 
outer layer. The heating constants of the different 
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Fig. 12—Duct Bank SHowi1nG ASSUMED ISOTHERMAL SURFACES 


layers of duct over the outer surface of the bank can 
be represented by, 


Outer Duct 
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In analyzing a great many temperature survey tests 
made in the New York district, it was found that the 
increment of temperature rise between various layers 
was best checked when K, was 4. 

The Temperature Rise of the Outer Duct Bank Surface 
above Ambient Earth. Most of the temperature drop 
from the surface of the duct bank to ambient earth 
occurs close to the duct bank, partly on account of 
the more restricted path of heat flow and partly be- 
cause the soil has a tendency to become dried out 
next to the duct bank and has therefore a higher thermal — 
resistance. For the range of ordinary shapes and sizes 
of duct banks the heating constant is inversely propor- 
tional to the perimeter of the bank and we may write 

T, = Wa Hs (17) 
where H; represents the heating constant from the 
surface of the bank to the ambient earth temperature 


K, 
2(M+N) 

For average soil conditions in the metropolitan New 
York District, K. was found to be 10. The highest 
temperature rises were checked when K» was assumed 
equal to 13 and the lowest, when K,» was assumed equal 
to 8. No allowance was found to be necessary to correct 
for depth of bank although it would have some small 
influence. 

The combined temperature rise of the air in an-idle 
duct above the ambient earth temperature is T, + T's 
and is equal to W,, (H,+ H;). Table I shows the 
combined heating constants (H,+H;) for various 


sizes and shapes of single-duct banks as found in 
the metropolitan district. 


and is equal to 


AMBIENT EARTH TEMPERATURE MEASUREMENTS 


The base temperature for all duct temperature calcu- 
lations is the ambient earth temperature. This tem- 
perature varies with the depth below the surface, 
the season of the year, and geographical location. 

Earth temperature curves such as the one in Fig. 14 


TABLE I 
EFFECTIVE HEATING CONSTANTS IN METROPOLITAN NEW 
YORK DISTRICT 
For various shapes of duct banks and daily load factors between 40 
and 60 per cent. average soil conditions 


Location 
Number Number of ducts wide Hs, +H; = Outer 

of ducts — Hy, + Hs = Next inner 
high 2 3 4 Ss 6 Hs, +H; = Innermost 

2 150 U6 520.) OOF CO. S6nnOn. ce, Hy, + H; 

1.22 | 1.06 | 0.92 | 0.82 lsh a8 18h 

3 LZO DOOM BOESG Ocul nOnGw, Hy + Hs; 

1.06 | 0.94 | 0.84 | 0.76 Hy + H; 

4 L005! 0.86 180045) | NOnG Gs 2Oe60) Hy + H; 

0.84 | 0.77 Hy + H; 

0.92 | 0.84 | 0.76 | 0.69 Hy + H; 

5 0.86 | 0.75 | 0.67 | 0.60 | 0.54 Hy + H; 

0.77 | 0.72 Hy, + H; 

0.82 | 0.76 | 0.69 | 0.64 Hy, + H; 

6 0.75 | 0.67 | 0.60 | 0.54 | 0.50 Hy + Hs 
ee nn rca A Se eh 
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for the New York metropolitan district can be 
approximated for each depth from test readings. 

j» The methods given above for calculating empty duct 
temperatures have been checked by a large number of 
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duct temperature surveys in the field. Comparisons 
of calculated and test results for a few typical cases are 
given in Table V. 
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TABLE V 
TYPICAL DUCT TEMPERATURE SURVEYS 
In Single Banks Compared with Calculated Values 
Mean Calculated| Measured 
Cross-section Bank watts per temp. temp. 
of duct bank Type constant trench surveyed | surveyed 
x-surveyed of from foot over duct duct 
duct bank tables 24 hrs. deg. cent. | deg. cent. 
@ 
Behe 3x2 1.20 12.0 31.4 33.5 
Q]_ joo) 
eae 4x3 1.06 36.7 47.4 41.0 
[olofolo 
OMe 
eee 
[olojojo! 4x3 0.86 17.9 20.9 18.0 
lofofojo! 
Oololo} 
Bee 4x6 0.60 99 70.4 67.0 
IKXxTOlOlo 
(Olofolo} 
OOJOIO 
_|_lojojojo! 
O/x[O[o[oo' 6x4 0.76 66.8 55.9 56.0 
O[ofofojolo: 
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The Influence of Polarity on High-Voltage 
Discharges 


BY F. O. McMILLAN: 


Member, A. I. E. E. 


Synopsis.—An experimental investigation of the influence of 
polarity on high-voltage discharges is reported in this paper. Par- 
ticular attention is given to those discharges used in high-voltage 
measurements. 

A theory of the formation of Lichtenberg figures 1s given together 
with experimental evidence upon which it is based. A polarity 
indicator utilizing visual Lichtenberg figures vs described. 


KE. C. STARR? 
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and 


Results of 60-cycle and impulse tests on various types of gaps are 
given. It is shown that polarity has a distinct effect wpon the 
sparking voltages of all types of gaps. Impulse measurements 
with grounded sphere-gaps are shown to be subject to serious error 
unless the polarity effects are taken into consideration. 

An explanation of the influence of polarity on spark-over is 
proposed. 


INTRODUCTION 


IGH-VOLTAGE discharges in two principal forms 
H are very extensively employed in the measure- 

ment of high electrical potentials. For a number 
of years spark-gaps of different types have been in 
general use, and recently, extensive use has been made 
of photographic Lichtenberg figures in high-voltage 
studies. This paper covers a study of the charac- 
teristics of the discharges involved in spark-gaps and 
Lichtenberg figures as affected by electrode polarity. 


A THEORY OF THE FORMATION OF LICHTENBERG 
FIGURES 


The Negative Figure. The negative Lichtenberg 
figure is characterized by fine, straight-line striations 


1. Research Professor of Electrical Engineering, Oregon 
State College, Corvallis, Oregon. 
2. Assistant Professor of Electrical Engineering, Oregon 
State College, Corvallis, Oregon. - 
Presented at the Pacific Coast Convention of the A. I. EH. E., Port- 


land, Oregon, September 2-5, 1930. Complete copy upon request. 
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projecting radially from the recording electrode, 
(Fig. 14). This figure is formed by the repelling action 
of the negatively charged recording electrode on the 
free electrons in the surrounding dielectric field and 
on those extracted from the electrode. These elec- 
trons are driven radially outward because of the shape 
of the electric field and bombard the air molecules at 
the surface of the film as well as the silver salts in the 
emulsion, producing ionization by collision. Other 
electrons thus produced also move outward under the 
influence of the electric field leaving the heavy and 
relatively immobile positive ions behind. The figure 
increases in size in this manner until the positive-ion 
space-charge reaches a value sufficiently large to reduce 
the negative field of the electrode below the ionizing 
potential at the edge of the figure. This condition of 
equilibrium will be reached quite quickly, resulting 
in a comparatively small figure, because the free elec- 
trons are swept out of the field, (reducing the loss of 
positive ions by re-combination to a relatively small 
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number) and because the space position of the positive 
ions formed is such that a comparatively small space 
charge will neutralize, at the outer border of the figure 
the effect of a large negative electrode potential. 

When the electrode potential is decreased, the mass of 
electrons forming a negative space charge at the outer 
border of the figure is released and drawn back toward 
the electrode by the positive ions, usually forming a very 
small positive figure superimposed on the original 
negative. (Fig. 14.) The higher the rate of removal 
of potential on the electrode, the more pronounced this 
effect becomes. (Fig. 1B.) 

The Positive Figure. Coarse striations that branch 
repeatedly at acute angles with the main striation much 
like the tributaries of a stream characterize the posi- 
tive Lichtenberg figures, especially those formed by 
impulse voltages of comparatively short duration. 
(Fig. 14.) This figure is formed by the attraction of 
the free electrons in the field of the positively charged 
electrode. The electrons move radially inward toward 
the positive recording electrode bombarding the air 
molecules at the surface of the film and the silver salts 
on the photographic surface producing ionization by 
collision. As the electrons are swept from the field, a 
positive space charge composed of the relatively immo- 
bile positive ions produced by ionization by collision is 
left. This space charge is positive and adds its field 
to the positive field of the recording electrode causing 
the figure to grow outward. This growth of the 
figure continues until the positive voltage gradient at 
the edge of the figure, due to the combined effect of the 
potential on the electrode and the positive space charge, 
is less than the ionizing gradient. The positive 
figure is therefore always larger than the negative 
figure for a given voltage because the positive space 
charge subtracts from the field of the negative elec- 
trode and adds to the field of the positive electrode. 

As in the case of the negative figure, the positive- 
figure space charge also forms a small figure of negative 
polarity when the electrode potential is suddenly re- 
moved, but in a different manner. The positive space 
charge holds the area surrounding the electrode at a 
positive potential while the electrode voltage drops 
below the space value causing the electrode to become 
negative with respect to the space, and hence electrons 
flow out along the striations superimposing a small 
negative figure on the positive. (Figs. 1A and B.) 

Investigation of Lichtenberg Figure Space Charges. 
To establish definitely the existence of a persistent 
space charge during and immediately after the forma- 
tion of Lichtenberg figures, a circuit was devised for 
quickly reversing the potential during the formation of 
the figures. This circuit and the type of wave pro- 
duced are shown in Fig. 2. A series of four Lichtenberg 
figures taken with this circuit is shown in Fig. 1, parts 
B to E, inclusive. 

In all of the Lichtenberg figure records, the initial 
negative figure was formed on the left, the initial posi- 
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tive figure on the right and figures of the reverse polarity 
were superimposed on these. All of the superimposed 
figures showed a very definite change due to the 
space charge formed by the original figure. For values 
of reversed potential up to 50 per cent, the superim- 
posed positive figures are confined entirely to the area 
ionized by the previous negative figure. For values of 
reversed potential of 50 per cent and greater, the positive 
ionization breaks over the boundary of the previous 
negative figure. The negative figures superimposed on 
the positive grow progressively larger as the reversed 


Fie. 1—LicuTrensperG Figures 
A. 14.5-kv. unidirectional impulse 
B. 14.5-kv. quickly forced to O 
C. 14.5-ky. quickly reversed to 7.25 kv. 
D. 14.5-kv. quickly reversed to 14.5 kv. 
E. 14.5-kv. quickly reversed to 21.8 ky. 


potential is increased, and follow the ionized paths pre- 
viously formed by the positive striations. Both the 
positive and negative figures are altered in size and 
character by previous ionization. The positive figures 
are reduced in size until well beyond the boundary of 
the previous ionization. The negative figures are very 
much larger than normal. 


THE INFLUENCE OF POLARITY ON SPARK-OVER 
PHENOMENA 


Polarity Indicator. The polarity indicator consists 
essentially of two pairs of oppositely connected elec- 
trodes enclosed in a light-proof viewing hood. Both 
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the positive and negative Lichtenberg figures are seen 
simultaneously by the observer and hence the polarity 
of the discharge is definitely established. The observer 
is therefore able to make polarity determinations in 
very rapid succession and a large number of observa- 
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Fig. 2—Circuir ror Quickity ReEveRsING THE IMPULSE 
PotentiraL During tHE ForMaATION oF LICHTENBERG 
FIGURES 


tions can be made in a short time. Each of the curves 
in this paper was determined from a thousand or more 
individual sparkover observations and the time ele- 
ment was of considerable importance. 
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Fie. 3—Crrcuit ror DETERMINING THE PouaRity OF INITIAL 


A-C. SparK-Over 


For polarity determinations during 60-cycle tests the 
instrument was connected as shown in Fig. 3. 

During the impulse tests the polarity indicator was 
connected as shown in Fig. 4. 


GROUNDED SPHERE-GAPS 


6.25-cm. Spheres. Spark-over tests at 60 cycles were 
made on a 6.25-cem. sphere-gap spaced from 0.5 to 12.5 
em. The results are shown in Fig. 5. Between 
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Fic. 4—Imputse GENERATOR CircuiT 

0.5 and 1.5 cm., approximately 10 per cent of the 
spark-overs were positive. There isa very rapid change 
in the percentages of positive spark-overs between 1.5 
and 3 em. reaching a maximum of 76 per cent positive 
at 2.25 cm. Between 3.0 and 9.0-cm. spacing no 
positive spark-overs could be obtained. A _ rapid 
transition from 100 per cent negative to 100 per cent 
positive occurs between 9.0 and 11.0 cm. Above 
11.0 cm., all spark-overs obtained were positive. 
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Impulse tests on the 6.25-em. sphere-gap gave the 
results shown in Fig. 6. Up to 1.75-cm. spacing 
the spark-overs for both polarities occur at practically 
the same voltages. Between 1.75 and 8.4 cm., spark- 
over occurs at a lower voltage when the upper sphere 
is negative than when positive. The percentage 
difference is maximum at 4.0-cm. spacing at which 
point the positive voltage is 11.5 per cent greater than 
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the negative. At 8.4 cm., the positive and negative 
become equal and from this spacing to the upper limit 
of the tests the positive spark-over voltage becomes 
rapidly less than the negative. It is interesting that 
the negative spark-over curve follows the A. I. E. E. 
standard sphere-gap data throughout the recommended 
range. 


25-cm. Spheres. Fig. 7 gives the results of 60- 
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cycle tests on a 25-cm. gap. These tests were limited 
to a maximum spacing of 10 cm. because the upper 
limit of the available transformer voltage was 235 kv. 
maximum. Both positive and negative spark-overs, 
with the negative predominating, were obtained 
between 1.0- and 8.0-cm. spacing. At 9.0 and 10.0 
cm., no positive spark-overs were obtained. 

Impulse spark-over data were taken on the 25-cm. 
gap up to 38.0-cm. spacing. . These data are shown in 
Fig. 8. It is interesting that as was found in the case of 
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the 6.25-cm. sphere-gap, the average negative spark- 
over data conforms with the A. I. E. E. standard over 
the recommended range of sparking distances. The 
positive curve coincides with the negative up to approxi- 
mately 5 em. From this point the percentage differ- 
ence becomes increasingly higher up to 25 cm., at which 
spacing it is a maximum and the positive spark-over 
voltage is 35 per cent greater than the negative. 

The wave form of the impulse voltage impressed upon 
the test gap probably has a pronounced effect upon the 
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spread of the positive and negative spark-over curves. 
However, it is believed that the wave form of the 
impulse generator used in this investigation is quite 
similar to that of the impulse generators used in other 
laboratories. Calculation shows that the voltage wave 
rises to a maximum very abruptly and then decreases to 
half value in approximately five microseconds. The 
impulse ratio obtained on a 25-cm. needle-gap was 1.78 
positive and 1.78 negative and on a 66-kv. pin type 
insulator was 1.36 positive and 1.55 negative. 


AN EXPLANATION OF THE POLARITY EFFECT IN 
SPARK-OVER 

When a sphere-gap has a voltage impressed upon it, 
the positive sphere attracts the free electrons in the sur- 
rounding space and when the potential is increased to 
the proper value accelerates them to the ionizing veloc- 
ity. The free electrons and those liberated by collision, 
except the ones lost by recombination, are conducted 
away by the sphere leaving a relatively immobile posi- 
tive space charge in the surrounding ionized space. 
This space charge adds to the positive-sphere potential 
and extends the critical ionizing potential gradient, as 
well as the effective radius of the sphere. The negative 
sphere repels the free electrons in the surrounding space 
and when the critical voltage gradient is reached pro- 
duces ionization by collision adjacent to the negative 
electrode. This action results in the formation of 
both a positive and a negative space charge. The 
positive space charge is composed of the relatively im- 
mobile positive ions left close to the sphere. Part of 
the electrons expelled from this region are carried 
entirely across the gap and the remainder, forming the 
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major part of the negative space charge, is bound near 
the outer edge of the positive space charge. 

At close sparking distances this negative space charge 
is attracted by the positive sphere and carried away 
leaving the negative-electrode positive space charge 
in the combined field of three charges. These charges 
are the potential on the positive sphere, the positive 
space charge of the positive sphere and the potential 
on the negative sphere. This resultant field forces 
the negative-sphere positive space charge back on the 
negative electrode producing heavy ionization and ex- 
tracting large numbers of electrons resulting in local 
breakdown and removal of the positive space charge in 
the immediate vicinity. The conducting streamer thus 
formed extends the negative-sphere potential beyond 
the positive space charge and the breakdown progresses 
to the positive sphere. At these close spacings the 
dielectric flux distribution in the sphere-gap between 
sparking surfaces is practically unaffected by usual 
ground proximity. Because of this symmetrical flux 
distribution on the spheres, spark-over takes place from 
either the grounded or ungrounded sphere at practically 
the same voltage and there is no appreciable polarity 
effect. (Figs. 5, 6,7, and 8). 

For sphere spacings greater than approximately 
1.6 \/R the influence of ground on the flux distribution 
causes higher voltage gradients to exist on the un- 
grounded sphere than exist on the grounded sphere at 
the sparking surfaces. Therefore ionization starts at a 
lower voltage on the ungrounded sphere. As shown 
above when the field is symmetrical, local breakdown 
occurs at the surface of the negative sphere at lower 
voltage than at the surface of the positive sphere when 
the spacing is sufficiently close for the removal of the 
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negative space charge. When the field becomes un- 
symmetrical under the influence of ground, local break- 
down and spark-over occur at a lower \voltage when the 
sphere having the more intense field is negative. This 
condition obtains until the spacing is increased to the 
point at which the negative space charge neutralizes 
the negative-sphere positive space charge sufficiently 
to reduce the gradient near the surface of the sphere, 
when negative, to that value obtaining at an equal posi- 
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tive voltage. At this spacing, which for the gaps and 
conditions investigated was considerably over diameter 
separation, the positive and negative spark-over volt- 
ages again become equal. For greater spacings, spark- 
over occurs at a lower voltage when the ungrounded 
sphere is positive. 


SUMMARY 


1. Lichtenberg figures are produced by ionization 
phenomena at the surface of the recording medium and 
are visible in a darkened instrument. 


2. The positive figure is extended in size by the 
positive space charge surrounding the recording elec- 
trode. The negative figure is held to a relatively small 
size by the positive space charge adjacent to the elec- 
trode. The existence of these space charges is clearly 
demonstrated when figures of opposite polarity are 
quickly superimposed. 
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3. Tests with different types of gaps show that 
polarity has a pronounced effect upon spark-over. 

4. The grounded sphere-gap sparks over at the same 
voltage with ungrounded sphere positive or negative up 
to spacings of approximately 1.6 /R. 

5. For the conditions investigated the grounded 
sphere-gap sparks over at a lower voltage negative than 
positive at spacings ranging between approximately 
1.6 \/R and well over diameter separation. This char- 
acteristic is due to high local negative gradients caused 
by the negative-electrode positive space charge. 

6. At wide spacings the grounded sphere-gap sparks 
over at lower voltages positive than negative. 

7. Near diameter spacing, the grounded sphere-gaps 
investigated spark over at much lower impulse voltages 
negative than positive. The shape and duration of the 
impulse wave probably have a pronounced effect upon 
this difference. 
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‘Transmission System Relay Protection —IIT 
BY WILLIAM W. EDSON: 


Member, A. I. E. E. 


INTRODUCTION 


N 1919 a paper? was presented before the A. I. E. E. 
giving a very interesting résumé of the relay pro- 
tective systems up to that date. Part II, which ap- 

peared in 1922, is still a reliable and instructive guide 
for the protection engineer.* 

Since the publication of the last paper, several im- 
portant developments have been made, and it is now 
felt that the recent improvements warrant a third paper 
on this subject. 

Probably the greatest change in the design of a pro- 
tective system has been the realization of the impor- 
tance of shortening the time for removing a fault. 
With the large quantities of power involved in the 
present generating and transmission systemsand in order 
to preserve the system stability, insure continuity 
of service through other circuits, prevent synchronous 
apparatus from dropping out of step, minimize the 


*(Paper prepared in conjunction with H. P. Sleeper, Chair- 
man, ©. ©. Traver, R. Cordray, L. N. Crichton,:E. A. 
Childerhose, and H. A. McLaughlin, all members of the Relay 
Subcommittee of the Committee on Protective Devices.) 

1. Station Engg. Dept., Edison Electric Illuminating Co. of 
Boston, Boston, Mass. 

2. Transmission Line Relay Protection, by H. R. Woodrow, 
D. W. Roper, O. C. Traver, and P. MacGahan, A. I. E. E. 
Trans., Vol. XX XVIII, 1919, p. 795. 

3. Transmission Lines Relay Protection—II, by E. A. 
Hester, O. C. Traver, R. N. Conwell, and L. N., Crichton, 
A. I. BE. E. Trans., Vol. XLI, 1922, p. 670. 

Presented at the Summer Convention of the A. I. EZ. E., Toronto, 
Ontario, Canada, June 23-27, 1930. Complete copy upon 
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spread of the disturbance to adjacent phases or lines 
and to remove the fault before much material damage 
has occurred it is very important to disconnect faulty 
equipment as soon as possible. 


PHASE-TO-PHASE PROTECTION OF TRANSMISSION LINES 


Selective Timing Between Stations. Probably three- 
quarters of the present relay applications include an 
inverse definite time relay whose time of operation 
decreases as the current increases until the adjusted 
minimum time setting is reached. This insures se- 
lectivity between stations, rapid tripping on heavy 
faults, and improved discrimination between feeders 
on one bus. 

Although the above relay has given and is giving a 
very good account of itself, it is often too slow for 
present day systems, as the relay next to the generating 
station must be set longer than is desirable. 

One of the most interesting developments in recent 
years has been the production of the so-called “distance” 
relay. The impedance type consists of an inverse 
definite timing element similar to the above, with an 
added feature which automatically decreases the time 
setting as the line voltage decreases. Such a design 
permits the relays at the successive stations to be 
set for the same minimum time, the discrimination 
between adjacent stations being obtained by this 
feature. 

A new impedance relay is being developed which will 
have a constant minimum time setting approaching a 
very few cycles. 
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Directional Relays. Faults beyond a_ substation 
produce currents and voltage conditions for the incom- 
ing line the same as for the outgoing feeder in trouble. 
This would tend to operate both relays; therefore it is 
necessary to add a device which will prevent the relay 
on the incoming line from operating. This directional 
feature should be included on all incoming feeders which 
have a source of power, these elements being connected 
to operate only when the fault current is away from 
the substation bus. 

The directional feature may be used iT conjunction 
with any of the overcurrent or impedance relays men- 
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tioned above, the individual considerations being the 
same as described. 


3ALANCED OR DIFFERENTIAL SCHEMES 


Split-Conductor Method. Each phase lead is com- 
posed of two conductors operating in parallel and 
normally carrying approximately equal currents. Most 
faults will initiate on one of the wires, thereby causing 
an unbalance in the pair. The differential relays can 
safely be set very fast and for quite small current. 
(Fig. 1.) 

Pilot Wires. Schemes using pilot wires to balance 
conditions at one end of a line section against the other 
end are very much in use in Europe but due to the high 
cost and the technical difficulties involved in the use 
of pilot wires over the long distances common to our 
lines, they have not received much favor in America. 

There are many types of pilot wire schemes, some 
using current and other voltage balancing. In some 
installations, current is circulated through the pilot 
wires; but the tendency is towards the zero or opposed 
voltage methods. (Fig. 2.) 


Carrier Current. A very ingenious system has been 
devised to balance the instantaneous polarity of 
the current waves at the two ends of a line section by 
means of carrier current superimposed on the line 
itself. 

PARALLEL LINES 


Due to the increased reliability of service and 
relative ease of obtaining selectivity and high speed 
in relay protective systems the growth of the use of 
parallel lines (usually in pairs) has been rapid. 
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Individual Lines. Each line may be treated in- 
dividually and equipped with directional overcurrent 
or impedance relays; but there are some limitations 
which should be considered. 

Balanced Current Schemes. The various balanced 
current schemes have several important advantages, 
such as fast operation, simplicity of connections, 
omission of potential transformers, etc., but their ap- 
plication is also limited. 

One of these schemes uses the mechanical balancing 
relay described in the previous paper. A recent mod- 
ification of this relay includes a potential restraining 
coil, which automatically reduces the required operating 
differential current if the fault is near by and the line 
voltage is affected. This relay is being discussed in a 
companion paper. 

A second type has two induction elements, each 
having an operating and a restraining coil. The action 
is similar to the above mechanical or plunger type. 

In another type, the currents from the two lines are 
balanced magnetically. The relay is provided with 
double-throw contacts and an unbalance causes the re- 
lay disk to operate to trip the breaker carrying the 
greater current. 

Cross-Connected Directional Schemes. 'The simplest 
and most general arrangement consists of two sets of 
directional overcurrent relays with their current coils 
connected in series across the cross-connected current 
transformers of the two lines. The potential connec- 
tions to the relays are reversed so that only the trip cir- 
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cuit of the breaker carrying the greater current will be 
closed by the unbalanced current. 

A second method sometimes known as the short and 
long time schemes uses two sets of directional relays, 
but the overcurrent and directional contacts are inter- 
connected so that each directional contact is associated 
with an individual line, while the overcurrent contacts 
arecommon. One of these current elements has a short 
time setting and the other along time setting. The first 
is arranged to be cut out by auxiliary switches on 
the circuit breakers when either line is open, thus 
leaving the long time setting in service for single- 
line operation. (Fig. 3.) 
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A scheme which gives short time protection for 
double-line operation, and long time protection for 
single-line operation, and which also offers protection 
against simultaneous line and through faults has 
recently been developed and appears to meet most 
situations. (Fig. 4.) 

The current transformers of the two lines are cross- 
connected through an auto-current transformer, across 
which is an overcurrent relay. The directional relay is 
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connected to the midpoint of this auto-transformer. 
The “back-up” protection for through faults has the 
same pick-up, whether one line or both lines are in 
service. 

In all these balance schemes, careful thought and 
study should be given to the matter of back-up pro- 
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tection, for simultaneous faults on both lines and for bus 
faults. 

These schemes should be carefully studied as to the 
effect of switching in or out the second of a pair of 
balanced lines, since it is impossible to close or open 
both ends simultaneously. 
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GROUND PROTECTION 


Present-day transmission systems are generally 
grounded at one or more points. Experience has shown 
that most faults on these systems start as a flashover or 
failure to ground; therefore, the flow of ground current 
is a positive sign of trouble. 


Fic. 5—DrrectTionaL GROUND RELAY 


Solidly Grounded Systems. Frequently the ground 
fault currents exceed the load values, and the line 
phase-to-phase relays will also give ground protection. 

Residual Current Protection. Overcurrent relays 
used as ground relays may be installed in the residual 
circuits of current transformers. 

Current Differential Protection. Current differential 
relays may be connected in the residual circuits of the 
current transformers on parallel feeders. (Fig. 3.) 

Directional Residual Current. Directional ground 
protection may be obtained with directional overcurrent 
relays the potential element being connected in one 
corner of the secondary delta of three star-delta con- 
nected potential transformers. 


Directional overcurrent ground protection may also 
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be obtained by use of a relay whose directional element 
is polarized by a current transformer in the neutral of 
the main power transformers. (Fig. 5.) 

Power Type Residual Relays. Protection against 
ground faults may be obtained by using a power type 
relay with its potential element connected in the secon- 
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dary delta of star-delta potential transformers and the 
current coil in the residual circuit of the current trans- 
formers. (Fig. 6.) 

A power relay with its current coil operated by the 
residual current of the current transformers and its 
other coil in the ground connection of the power 
transformer, is directional, quite sensitive, and has the 
desired inverse time characteristics. 


Balanced Directional Residual Current Relays. Direc- 
tional overcurrent relays may be balanced to give pro- 
tection against ground faults in manners similar to 
those for protection against phase-to-phase faults, 
except that potential must be supplied as described 
above. (Fig. 4.) 

Distance Relays. Various types of distance relays 
used for phase-to-phase protection may be connected 
to the current transformer residuals and star-star con- 
nected potential transformers. Three relays are re- 
quired per line for complete ground protection. The 
wiring is complicated and operation is sluggish for small 
fault currents. 

Pilot Wire Protection. Any of the split-conductor 
or pilot wire schemes inherently give ground protection, 
though for small ground fault currents it may be 
preferable to add a sensitive relay in the current trans- 
former neutral circuit. 

Isolated-Neutral or Delta-Connected Systems. A 
ground on one phase is not followed by a power current, 
and in itself is not particularly dangerous; however it 
increases the potential strain on the two ungrounded 
phases on all parts of the system and unless removed, 
may develop into a phase-to-phase short circuit. An 
arcing ground may set up surges which cause dangerous 
voltages to appear. : 

Voltage Relay. Overvoltage relays connected in the 
corner of the delta of three star-delta-connected poten- 
tial transformers may be used to indicate these un- 
balanced voltage conditions. Under normal operating 
conditions there is no current flowing in the delta, and 
the relay potential is zero. In case of a ground:on the 
line, this voltage becomes large. 


Charging Currents. When one phase of the system 
is grounded, there immediately appears on all con- 
ductors a charging current to ground. On a large 
system, this charging current is of sufficient magnitude 
to operate relays. It increases in magnitude as the 
point of fault is approached. It appears in the residual 
circuit of three star-connected current transformers, and 
may be used to operate directional overcurrent relays. 


High-Impedance Grounded Systems. The ground 
protection of high-voltage systems using a relatively 
high-impedance ground presents a_ difficult relay 
problem. It is particularly pertinent that such faults 
be relieved, since dynamic current actually flows to 
ground. Moreover, high voltages may appear on the 
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system during such a ground fault, and simultaneous 
faults may be avoided if the ground fault is relieved 
quickly. 

The ground relay system must obviously operate on a 
small amount of current to ground, thus requiring 
sensitive relays. 

If the ground current is sufficient to produce a 
difference in voltage drop between stations, impedance 
ground relays which are introduced by fault detector 
relays during a disturbance may be used. These 
fault detectors are usually a combination of overcur- 
rent and undervoltage relays. 


APPARATUS PROTECTION 


Bus Sections. In recent years, there has been a 
tendency to install some type of protection due to the 
large amounts of connected kv-a. capacity, especially 
since most of the protective schemes for the rest of the 
system exclude the bus. 

Balanced protection of each phase where all the 
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Fig. 7—Grounp Protection NeutrRaL DIFFERENTIAL 


current transformers (using auto-balance-transformers 
if of unequal ratio) are connected together to an over- 
current or differential relay, is commonly used and 
offers accurate and fast protection. 


A modification of the above connects only the secon- 
dary neutrals together. This is safer in many ways, 
but it gives protection against ground faults only. 
(Fig. 7.) 

Overcurrent protection, especially if combined with 
undervoltage relays, may sometimes be applied. The 
impedance relay may safely be used for bus installations 
having feeder reactors. 

Several installations have been made using sections of 
ground bus connected to insulator bases, circuit breaker 
tanks, supports, etc., with relays inserted in the ground 
connections from these busses. The action is rapid and 
satisfactory as long as the ground bus and structure are 
well insulated from the building steel. (Fig. 8.) 


Power Transformers. Since the input and output of 
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the transformers are very nearly equal, it is a relatively 
simple matter to balance one against the other and 
consider any unbalance to be due to a fault within the 
transformer. 

There are now available current differential relays 
which operate on the percentage of the unbalanced 
current with respect to the load current instead of on a 
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Fig. 9—THREE-WINDING TRANSFORMER 
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fixed value of unbalance. Such relays will detect a 
minor fault at normal loads, yet will not operate im- 
properly during an external short circuit. 
Two-Winding Transformers. Single-phase or three- 
phase transformers which are delta-delta or star-star 
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connected offer no complexity as the corresponding 
phase leads are balanced together. A delta-star 
combination, however, requires the current transformer 
on one of the phases of the delta side to be balanced 
with the two current transformers of the star winding. 

Three-Winding Transformers. Here the same princi- 
ples as above apply, with the added requirement that 
the primary winding be balanced against the two 
secondary windings. (Fig. 9.) If the system con- 
nections require it, it may be necessary to balance the 
two secondary windings against each other. 

Regulating Transformer. Protection is obtained by 
balancing the current of the exciting or voltage winding 
against that of the series or current winding when the 
equipment is on either the maximum buck or boost 
position. 

Generators. Generators are normally unprotected 
against overload, as it is desirable to maintain service 
as long as possible and to permit the fault to be isolated 
by the circuit breakers of the line in trouble. On the 
other hand, the value and importance of the generator 
necessitates its removal immediately in case of internal 
trouble. This is best met by providing some type 
of balanced or differential protection. 

Parallel-winding generators in addition to the over- 
all differential protection, may have balanced pro- 
tection between the windings. (Fig. 10.) Another 
scheme uses a current transformer and relay connected 
between the midpoints of the two windings. 


CONCLUSIONS 


We have endeavored in this paper to point out that 
at this time the trend of the relay art is toward the use 
of those which operate in much shorter times than 
heretofore practised. 

One of the greatest needs of the protection engineer 
at this time is that of improved types of ground relay 
protection. Ground relays are needed that are instan- 
taneous in operation and inherently selective. The 
fundamental advantages of ground relaying are de- 
tection of the fault in the incipient stage, reduction in 
voltage disturbance to the system, minimizing of 
damage at fault, and reduced stress on circuit breakers. 
The increased spacing of high-voltage open wire lines 
and the use of type H cable should greatly increase the 
preponderance on ground faults and consequently the 
protective relays should be able to recognize such faults 
and remove them before phase-to-phase action results. 

Another factor which demonstrates the necessity for 
improved ground relay protection is the advent of cur- 
rent limiting devices in system neutrals. 

The purpose of this paper has been to present stand- 
ard practise in relay protection at the moment, and to 
endeavor to point out what appeared to be the necessi- 
ties of the immediate future. It is the hope of this 
committee that the practise of presenting such a paper 
every few years will be continued. 
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Law of Impulse Spark-over and Time Lag 
Relative Effects of Different Wave Shapes—Comparison of Lightning Waves 
and Laboratory Waves—Coordination of Line Insulation 
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I. INTRODUCTION 


Tis the object of this paper to discuss the relative 
| effects of different forms of voltage transients on 

insulators, gaps, and insulation; to show how the 
effects and breakdown voltages of various types of 
transients are related; and to compare natural lightning 
waves with those used in the laboratory. Such knowl- 
edge is necessary in making a comparison of insulators, 
insulation, and in coordination. The law of impulse 
sparkover has been determined and formulas have been 
developed to predetermine time lag and breakdown 
voltage for the various types of transients. 


LE 


There are three general types of impulse tests, as 
follows: 

1. Rectangular Wave. The rectangular wave method 
is illustrated in Fig. 1. A _ theoretical rectangular 
wave would rise instantly to a given value and re- 
main constant until breakdown occurred. However, 
such a wave can generally only be approximated. 


TYPES OF IMPULSE TESTS 


reakdown Points 


inimum Sparkover Voltage 
(Unlimited Time) 


TIME (MICROSECONDSy 


Fig. 1—ReEctraneuiar Form or IMPULSE WAVE 


2. Umformly Rising Voltage. Sparkover for a 
uniformly rising voltage is illustrated in Fig. 2. The 
time and voltage are indicated at sparkover. Note 
that when the minimum sparkover voltage is reached 
breakdown does not occur immediately because con- 

*Consulting Engineer, General Electric Company, Pittsfield, 
Massachusetts. 
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siderable time is required at that voltage. The wave 
accordingly rises above this value. The more rapidly 
the voltage is applied, the higher the breakdown voltage 
and the less the lag. 

3. Standard Wave of Fixed Shape. In this method 
a fixed or standard wave of the form shown in Fig. 3 
is used, and there are several ways in which the test may 


be made. By the proper application of this method 
/ 
wp 
7. 
a 
oh Breakdown Points 
we 
Me 
Ps 
ra 
rc] y 
res (7 
S 
Minimum Sparkover Voltage 
(Unlimited Time) 
TIME (MICROSECONDS) 
Fig. 2—SparKOVER ON FRONT oF WAVES OF VaRIOUS SLOPES 


the whole range of breakdown effects caused by the 
rectangular wave, the uniformly rising voltage or any 
other wave can be obtained. The two general methods 
are: 

a. Full-Wave Method. The given wave is applied 
and the voltage is gradually increased until sparkover 
occurs on 50 per cent of the applications. Breakdown 
is then taking place on the tail as shown in (a) Fig. 3. 

b. Overvoltage Method. This is the same as the 
above except that an overvoltage is applied which may 
be any given percentage in excess of the full-wave 
value. 


III. THE EFFECTS AND RELATIVE BREAKDOWN 
VALUES OF VARIOUS TYPES OF WAVES—LAW 
OF IMPULSE SPARKOVER AND TIME LAG 
The effects and relative breakdown values of the 
various types of waves will now be discussed in more 
detail. 
The results of insulator sparkover voltages are given 
with impulse ratio in Fig. 5 for rectangular waves. It is 
seen that the values for the various lengths of insulator 
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strings fall well on this curve. This impulse ratio-time 
curve has particular interest because it seems to offer a 
means of correlating the sparkover values of different 


waves. This follows because these curves follow the 
equation 
p -(1+—=) 
wat % 
. . é 
8 = impulse ratio = 
0 
t = time lag in microseconds 


a 
I 


a constant (under certain conditions a may 


vary; it may be necessary to add a factor 


depending upon the spacing) 
when @ and a are known, the lag can be calculated: 


a) (2) 


The impulse sparkover voltage is 


e=a(1+—=) (3) 


where é) is the continuously applied breakdown value. 


Long Wave 


(b) 
‘Z a | (b) 


—— 


= Se eee 
eats Sparkover | Voltage (Unlimited Time) 


TIME (MICROSECONDS) 


Fic. 3—SpARKOVERS ON Taits OF WAVES 


For convenience in practical application, the 60- 
cycle crest sparkover value has been taken as @. 
If the impulse ratio is known, the impulse sparkover 
value is then found by multiplying 6 by e. For cer- 
tain dissymmetrical electrode arrangements the spark- 
over voltage may be materially lower when the non- 
grounded electrode (or the one in the denser field) is 
positive. 

This equation is of further interest because it appears 
to be rational. In the original paper on this subject it 
was pointed out that energy, and therefore voltage and 
time, were necessary to rupture insulation.* 

It may be assumed that a given amount of energy is 
necessary to break a given gap. This requires a definite 
ionization apparent as corona and corona loss. Corona 
loss, according to the quadratic law, is: 


p = (€— &)?k 
For the rectangular wave the energy may be expressed 


*The Effect of Transient Voltages on Dielectrics, F. W. Peek, 
Jr., A. I. E. E. Transactions, Vol. 34, 1915, p. 1857. 
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w= (e— @&)?kt 
or Jw = (@ — @) Vkt 
w 
ca= Vay 
z hee 
Ae aie re 
Ww 
‘ =a(1t+y en kt ) 
(Ga) 
e = Ss 
€o ez 
é ore Ww 
where ees ee kB 


1 = length of gap 
When the impulse ratio is constant, a is constant; and 
it then_follows that w varies as the square of the é 
voltage_orgapproximately as the square of the gap 
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SPARKOVER WITH RECTANGULAR Wave or 1%-MicrosECOND 
FRONT 


(Standard 53/-in. spacing—10-in. diameter insulators) 


length. This also follows when 8 is constant with 
varying gap length in the case of the fixed wave. 
Thus 


e ( 1 a ) 
Co = sl we .. 
The drawn curve in Fig. 5 was plotted from the equation 
( ae 0.8 ) 
Vt 

The difference between (+) and (—) for insulators 
(Fig. 7) represents a range rather than a definite divi- 
sion, with (—) maximum high and (+) minimum low. 
Individual (+) values of 6 may be approximately 5 per 
cent higher than the calculated and (—) values 5 per 
cent lower. 


The same general laws apply for sparkover on the 
rising front and for standard waves. From these laws, 
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voltage-time relations can be calculated for any given 
condition. Values of a can be obtained from Table I. 
in the unabridged paper. For convenience, the time 
for sparkover on the rising front is measured from zero 
to breakdown. 

For full-wave sparkover it was found that with 
constant front the impulse ratio decreases with in- 
creasing length of tail and that with constant tail the 
impulse ratio decreases with increasing length of front. 

Values of impulse ratio 6 are given for various waves 
in Table II in the unabridged paper. The impulse 
sparkover can be found for a given wave and gap by 
multiplying the 60-cycle crest sparkover by 8. 

Full-wave sparkover curves are given in Fig. 12. 
Full-line curves represent values for transmission line 
conditions. The crosses give natural lightning spark- 
over voltages measured on transmission lines. Note 
that the effects are closely approximated by the 
standard 14/5- and 14/20-microsecond waves. These 


T T eas, 
| Points are measured values. Lt 
Curves calculated, from equations: 


L—ji+) 9 = a+9?) 
wA-(eig)} 1 
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7—Imputse Ratio-Time LaGc Curve or INSULATOR 
SPARKOVER ON FRONT oF WAVE 
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(Standard 534 in. spacing—10 in. diameter insulators) 


curves are the average of (+) and (—) sparkover 
values. Fig. 14 records the results of tests of insulators 
and point-gaps in parallel. The gaps were adjusted 
for equal sparking on points and insulators. The 
waves used cover an impulse ratio range of 2 to 1.2 
and unity at 60 cycles. Practically the same relation 
between insulators and points holds throughout the 
range. 

4. Law of Impulse Sparkover for Oil and Solid 
Insulation. Equation (1) above applies for oil insula- 
tion and also seems to apply for solid insulation. How- 
ever, the factor a must be properly evaluated. 


IV. COMPARISON OF LABORATORY AND OBSERVED 
NATURAL LIGHTNING WAVES—A STATISTICAL STUDY 
OF LIGHTNING EFFECTS 


Data from natural lightning waves measured by 
the cathode ray oscillograph are given in Fig. 22. Typi- 
cal measured natural lightning waves are shown in 
Fig. 23 with the laboratory waves. These waves, in 
general, produce the same effects on lines and apparatus 
as the laboratory waves. It is probable that insulator 
sparkovers frequently occur on the rising front of the wave 
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as illustrated in Fig. 2. If the waves were not chopped 
the voltages would go much higher. Fig. 7 shows 
how the impulse ratio varies with time on typical gap 
and line insulator arrangement. 


KILOVOLTS (CREST) 


One) 4 ome 
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Fig. 12—SparKoverR VOLTAGES OF SUSPENSION INSULATORS 


WITH “STANDARD’’ WAVE—50 Per Cent SPARKING 


(Standard 53;-in. spacing, 10-in. diameter insulators). The full curves 
should be used for transmission line conditions 


An examination of Fig. 22 shows that for themea- 
sured traveling waves 50 per cent reach crest voltage 
V, in less than three microseconds and 90 per cent in less 
than eight microseconds. However, the rise in; voltage 
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Fig. 


(534-in. spacing—10-in. diameter) and point-gaps, made to determine 
equivalent sparkover values. Curves represent range between 60-cycle 
and 14/5-microsecond waves 


V at the origin should be at least twice as steep as*V; 
the impulse ratio at the origin should thus correspond 
very approximately to the dotted curve in Fig. 22. This 
shows that 50 per cent reach crest in less than one and 
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Fig. 22—PrrcentaGe or Liagutnringc WAVES OF VARIOUS 


Fronts MEASURED ON TRANSMISSION LINES 


(a) Curve showing fronts of 35 highest natural lightning waves (voltage 
Vi) measured on Wallenpaupack- Siegfried Line in 1929 

(b) Estimated equivalent fronts (voltage V) at points of origin of corre- 
sponding waves on curve a 
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(Reduced to standard basis by dividing insulators by height of conductor, 
correcting for ground wire effects, and reducing to 100 storms per year. 
Figures on points indicate percentage of total year-miles used in estimate) 

This curve refers to a location having 100 thunderstorm days per year. 
For other locations take values from curve and apply to section under 
consideration by multiplying by percentage of 100 thunderstorm days 
per year as shown on the above map 
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one-half microseconds and 90 per cent reach crest in 
less than four microseconds. On Fig. 7 are plotted 
impulse ratio curves for sparkover on the rising front 
of a wave with time. This shows that for the waves 
measured the impulse ratio for V should be higher than 
the average 1.55 for 90 per cent of the waves and over 
1.9 for 50 per cent. These measurements thus seem 
to check the former impulse ratios obtained by surge 
voltage recorders of natural lightning in Fig. 12 and 
also justify the laboratory values of lightning voltage 
given in these figures. Of course, occasionally con- 
ditions may be right for breakdown to occur on the 
tail of the wave at a lower impulse ratio. 

From the statistical study plotted in Fig. 25 it is 
possible to estimate the probable outages on a given 
line with varying insulators and ground wire arrange: 
ment. 

VI. CONCLUSIONS 

1. The law of breakdown and time lag has been 
derived from experimental data. 

2. The three general types of waves, which are 
rectangular, uniformly rising front, and standard 
logarithmic, are discussed and their characteristics 
given. 

3. Data are tabulated from which the impulse spark- 
over voltage for a wide condition of waves can be 
calculated. These data will be added to and corrected 
for greater accuracy as quickly as laboratory work 
permits. 

4, The field investigation of lightning indicates that: 

The average lightning wave, even with maximum 
voltages sufficient to cause sparkover on a 220-kv. line, 
can be accounted for by induction, with reasonable 
assumptions as to size of cloud and rate of discharge. 

Sparkovers may be caused by either induced voltages 
or direct strokes. Direct strokes become of proportion- 
ally increasing importance as causes of outages when 
line insulation is increased. 

Waves giving impulse ratios of the order of 1.8 
cause a large percentage of the sparkovers on high- 
voltage lines. 

5. Waves giving low impulse ratios are not repre- 
sentative of average field conditions on high-voltage 
lines, and do not give sufficiently severe effects for 
impulse testing. 

6. Statistics compiled from lightning records gath- 
ered from widely scattered power systems serve 
as a valuable basis for considering economically the line 
insulation necessary under different conditions. 


7. It seems desirable to select two preferred waves 
for insulator testing and coordination. The 14/5 
giving the steep wave effects and the 114/40 giving 
the moderate wave effects are recommended. 

8. Coordination of system insulation on transmis- 
sion lines has been used on important systems and its 
value is now recognized. The law of time lag given 
above permits the proper coordination under all con- 
ditions. 
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Synopsis.—Previous network computing devices with their uses 
and limitations are reviewed briefly, following which is a statement 
of the requisites for an effective a-c. calculating table. The M.JI.T. 
Network Analyzer, a static miniature a-c. power system designed and 
constructed jointly by the Massachusetts Institute of Technology and 
the General Electric Company for the computation of actual power 


OR. SCHURIG? 


M. F. GARDNER* 


and 


networks is described in detail and its operation outlined. The fields 
of its application are enumerated and include the study of normal 
operating conditions, stability, and short circuits. An example 
illustrating its application to the solution of a normal-operation 
problem is given. 


INTRODUCTION 


O determine the behavior of a power system under 
various conditions of operation necessitates numer- 
ous solutions for the distribution of current, 

voltage, and real and reactive power in its network. 
The advantages of experimental methods over lengthy 
and usually impracticable mathematical calculations 
for the determination of these quantities have long been 
recognized and several types of experimental com- 
puting devices or miniature systems for network 
analysis have been developed and have proved their 
usefulness. 

The following paper deals with an improved form of 
network computing device designed and built jointly 
by the Massachusetts Institute of Technology and the 
General Electric Company. The network analyzer, 
as this device is called, is installed in the Electrical 
Engineering Research Laboratory of the Massachusetts 
Institute of Technology at Cambridge, Mass. 

Most of the network computing devices developed 
have been in the form of miniature systems. These are 
imitations on a small scale of those features of the real 
system considered significant or indispensable for 
solution of the class of problem for which the model was 
developed. One of the earliest developed was the d-c. 
short-circuit calculating table! Due to the use of 
direct current, it is limited in its application to those 
problems in which phase angles can be neglected, as, for 
example, in short-circuit studies involving only ques- 
tions of current magnitudes. Its simplicity has made 
it almost indispensable for this purpose. 

The first miniature to employ alternating current was 
a three-phase representation of one particular system.” 
Like the d-c. table it was a static duplication, containing 
no rotating elements. Although the phase angles at 
generating points were not adjustable, it afforded an 
ingenious means of investigating relay performance 


*Massachusetts Institute of Technology, Cambridge, Mass. 
{General Electric Company, Schenectady, N. Y. 
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with unbalanced short circuits at a date when the use- 
fulness of symmetrical component analysis was as yet 
unappreciated. 

The necessity for representing angle differences be- 
tween synchronous machines led to the use of a-c. 
miniature systems with three-phase generators, motors, 
static loads, and lumped three-phase artificial lines. 
One such system? used synchronous machines of 3.75- 
kv-a. rating and normal system currents of 10 amperes 
at 440 volts. This scale was considered the minimum 
which would permit the use of the usual types of port- 
able indicating ammeters, voltmeters, and wattmeters 
for measuring quantities in the circuits without the 
necessity of correcting for their presence. 

Similar systems! of larger ratings, having machines 
ranging from 200 to 600 kv-a. and employing line volt- 
ages of 2300 volts, have been used in the study of 
stability. Questions of stability involve mechanical 
momentum and electrical damping, and the normal 
relationships between these cannot be retained with the 
customary type of rotating machine as the model scale 
is indefinitely reduced. 


Because of their cost, space and power requirements, 
and their instability when an attempt is made to employ 
more than three or four units, rotating machines in 
general are not adapted to use in network computing 
devices of laboratory convenience and accuracy. 


The limitations of the foregoing schemes for network 
representation led to the experimental development at 
M. I. T. of a static type of miniature system’ incorpo- 
rating features which could be applied to the solution 
of normal operation problems in extensive systems on 
laboratory scale. It was demonstrated that generating 
stations are adequately represented by static phase- 
shifting transformers, thereby eliminating the difficul- 
ties associated with rotating machines. 

The network analyzer described in this paper is a 
comprehensive a-c. calculating table incorporating 
these ideas. While it has been built primarily for 
educational and research purposes, careful consideration 
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GENERAL DESIGN CONSIDERATIONS 


For a network computing device to adequately 
achieve its purpose it must embody such complete 
representation of significant electrical constants and 
terminal conditions that such errors in method as are in- 
herent in the d-c. table are eliminated. Furthermore, 
for practical usefulness, it must be sufficiently extensive 
and flexible to represent numerous actual systems, it 
must yield results of suitable accuracy with a reasonable 
expenditure of time, its operation should be simple, 
its space and weight requirements must be reasonable, 
and its cost should be of a minimum consistent with 
these requirements. 

The principal features of the design follow: 

1. Representation of one phase line-to-neutral. 

2. Representation of the lumped impedance and 
admittance equivalents of lines, transformers, cables, 


Fig. 


1—Tue Network ANALYZER 


General view of analyzer plugged for a problem showing the layout of the 
four sections and the accompanying instrument tables 


and loads by adjustable resistors, reactors, and ca- 
pacitors. 


3. Representation of either the terminal or ex- 
citation voltage of a synchronous machine by the 
single-phase terminal voltage of a phase-shifting trans- 
former, this voltage being adjustable in magnitude and 
phase. 

4. Use of minimum electrical scale consistent with 
direct measurements by portable indicating instruments. 


5. Use of such portable indicating instruments— 
ammeters, voltmeters, and wattmeters—that they can 
be plugged into or removed from the network with- 
out materially altering the voltage drop and current 
distribution. 

6. Provision for interconnecting the units to repre- 
sent complete power transmission networks. 

The selection of the relative sizes and ranges of line 
and load units required an analysis of the constants of 
modern transmission systems. (See Table I). 

A high operating voltage for the analyzer appears 
desirable of course to reduce the effects of series-con- 
nected instruments*on line impedances at a given 
operating current. An operating voltage of 200 volts 
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was chosen because it was not desired to subject the 
operators to the hazards of a higher voltage. 

The voltage scale having been fixed, the nominal 
operating current was chosen at a value which would 
give relatively small errors due to the insertion of 
instruments. This nominal current was set at 0.5 
ampere. 

For current measurements, thermocouple type am- 
meters were chosen because of their relatively low series 
resistance in the lower current ranges when compared 
with other portable ammeters. Likewise, thermocouple 
type voltmeters were chosen because of their low cur- 
rent requirements. Suspended armature type of watt- 
meters were chosen because their current and voltage 
elements could be made to meet these requirements. 


DESCRIPTION OF NETWORK ANALYZER AND ITS 
OPERATION 


The equipment in the present installation includes 
a sufficient number of units to represent in its electrical 
essentials a system consisting of as many as eight 
generating stations, 60 lines and cables or other con- 
necting elements, 40 loads, four ratio-changing trans- 
formers for closing loops, and any desirable number of 
synchronous condensers. In general, it may be as- 
sumed that any network whose number of elements 
falls within the above limits can be represented on 
the analyzer with a completeness adequate for the 
engineering study of the problems for which it was 
designed. 

The six principal phase-shifting transformers used 
to represent an equal number of generating stations 
are rated at 0-500 volts, six amperes with 0.5-volt 
steps. 

A manual angular adjustment of the rotor provides 
the time-phase adjustment of the secondary voltage, 
and by means of the tap switches and the angle con- 
trol, the vector representing this voltage can be made 
to terminate at any point within a circle of 500 volts 
radius. This secondary voltage can be used to repre- 
sent either the terminal or the excitation voltage of 
a synchronous machine under transient as well as 
steady-state conditions. 

In Table I the number, range, and principal con- 
stants of the various units are given. 

In Table II the instruments used for making all 
measurements on the analyzer are listed, together 
with their use and approximate energy demands. 
These are all of the portable direct-reading type. 

The resistor units, adjustable by means of dial 
switches, are of assembled resistor tubes, each con- 
sisting of high-resistivity, low-temperature coefficient 
wire wound on a porcelain tube covered by vitreous 
enamel. The reactors have nickle-iron alloy cores 
with air-gaps and are adjustable by taps connected to 
dial switches. Because of the small R/X ratio, the 
constancy of inductance with current, and the space 
limitations, the design of suitable reactors was a diffi- 
cult problem. This, together with the design of 
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TABLE I 
NETWORK ANALYZER UNITS 
Max. Max. 
Type No. rating setting Steps 
Line units aes 60 
Resistors....... 25 |4 amperes 10 ohms 0.1 ohm 
35 |2 100 1 ohm 
Reactors.......| 20 |4 20 1% of setting 
40 |2 120 1% of setting 
Woacdsupits seen |e: 
Resistors...... 30 |1 ampere or 
200 volts 4,000 4 ohms 
10 |200 volts 20,000 200 ohms 
Reactors...... 30 |1 ampere or 
200 volts 4,000 1% of setting 
10 |200 volts 20,000 1% of setting 
Generators... .. 4. 8 |6 amperes 500 volts 0.5 volt 
Generator reactors...| 6 |500 volts or 
6 amperes 500 ohms 1% of setting 
Gapacitorsiae. ns eee 32 |350 volts 12 pf OL ust 
Auto-transformers...| 4 |2 amperes 8 10% 0.5% 
TABLE II 
LIST OF INSTRUMENTS 
Full scale Requirement Where 
No. Type range for full scale used 
Standard 
Voltmeter 6 | Portable 300/600 v. Normal Generators 
Ammeter 6 | Portable 2/6 a. Normal Generators 
Wattmeter | 6 | Portable 400 to 2400 w. Normal Generators 
Ammeter 4 OO. to 5.0) as\0.12v2 General 
Voltmeter 2 |Thermocouple 5 to 250 v |0.002 a. General 
Wattmeter | 6 | Special 40 to 800 w.|0.003 a.-0°1 v.| General 


certain of the necessary instruments constituted the 
major difficulties of the development. 


FIELDS OF APPLICATION OF THE NETWORK ANALYZER 


The chief function of the network analyzer is to 
serve as an experimental substitute for the lengthy and 
generally impractical calculations of normal-frequency 
current, voltage, power and phase relations in electric 
power networks for which the resistance, inductance, 
and capacitance constants of lines, generators, trans- 
formers, and loads are known. Before considering 
its fields of application it is well to point out that it will 
not serve for the determination of circuit constants of 
lines, generators, transformers, or of other system 
apparatus, but rather requires for its use a knowledge of 
these electrical circuit constants. Moreover, since it has 
lumped line units and phase shifters to represent 
synchronous machines, it is not applicable to the study 
of high-frequency transient phenomena, corona prob- 
lems, arcing grounds, lightning induction, synchronous 
machine characteristics, harmonics due to transformers 
or generators, etc. - 


Studies of Normal System Operation. One of the 
important problems requiring solution by means of a 
miniature system is the determination of load division 
among the various branches and stations of a power 
network. This is frequently desirable for the best 
design of new systems as well as for the study of addi- 
tions or changes and the best operation of existing 
systems. 

Two problems closely related to the foregoing are 
(1) voltage regulation in power networks and (2) power- 
factor correction, which requires a study of the effect 
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of certain classes of terminal apparatus, such as syn- 
chronous condensers, when added at different points 
of a system. 

Studies of System Stability. Problems of static 
stability can be studied with the network analyzer 
even beyond the stable point of the power system 
because synchronous machines are represented by 
stationary phase shifters. Although it will not serve 
actually to reproduce the transient swings of generat- 
ing and receiving machinery, problems of this class 
can be studied by the point-by-point method* with 
its aid. In this method, the rotor-position changes 
together with field-current and prime-mover torque 
changes, are computed for successive arbitrary short 
intervals of time, the progress of the transient thus being 
developed by small steps. Since a change in field cur- 
rent and the angular position of the rotor changes the 
armature current and power in every machine, it is 
necessary to determine the values of these armature 
currents and powers as they exist at the beginning of 
each interval. These are fixed by the rotor positions 
and field currents found to exist at the end of the pre- 
vious interval. In other words a normal steady-state 
electrical solution of the network with the known ter- 
minal conditions must be made for the end of each 
interval, and the result used to compute the changes 
which will occur in the following interval. The calcu- 
lation of these numerous steady-state conditions is the 
most laborious part of the point-by-point method and is 
the type of calculation for which the analyzer was 
developed. 

Short-Circuit Studies. Since the short-circuit caleu- 
lating table ordinarily serves adequately for the more 
common short-circuit studies of systems, the analyzer 
will not supplant this simple and effective d-c. device. 
The errors’ of the latter are commonly below 10 per 
cent and rarely in excess of 20 per cent. The errors 
of the network analyzer will, in general, be less than 3 
per cent. 

The solution of unbalanced short circuits on the 
analyzer may be accomplished either by successive 
single-phase set-ups with the aid of symmetrical-co- 
ordinate analysis, or in an approximate manner by a 
three-phase set-up with a three-phase power supply 
with or without the use of the phase shifters. 

Educational Uses. Perhaps the application of the 
analyzer most far reaching in its effect is its educational 
use, not only in the solution of sample problems by 
classes but as a computation tool which opens fields of 
research to graduate students otherwise closed by 
excessive labor requirements. 


SUMMARY AND CONCLUSIONS 


1. An improved a-c. network computing device, 
called the network analyzer, is described in this paper, 
its purpose being to determine by direct measurements 
in the laboratory the voltage, current, power, reactive 
power, and phase angle at any point of a network. Its 
scope of representation in its present form is eight 
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generating stations, 60 lines and cables with their 
capacitance, 40 loads, four ratio-changing transformers, 
and the usual number of synchronous condensers. 

2. The analyzer uses phase-shifting transformers 
rather than rotating machines to represent synchronous 
machines and generating stations. Its operation is thus 
greatly simplified and speeded up in comparison with 
previous miniature systems. 

3. A voltage scale of 200 volts at 60 cycles is used, 
the nominal current scale being 0.5 ampere. 

4. Portable indicating instruments are used through- 
out, including thermocouple voltmeters and ammeters 
and suspended-armature wattmeters, by means of 
which current, voltage, and power are read directly at 
any point of the system without materially disturbing 
current distribution and voltage drops in the network 
and without necessitating corrections or adjustments 
for the presence of the instruments. The accuracy of 
the instruments is 1 per cent of full scale. 

5. The accuracy with which a given set of circuit 
constants can be reproduced is approximately 1 per 
cent. The accuracy with which the instrument read- 
ings represent the quantities which are uniquely deter- 
mined by a given set of circuit constants and terminal 
conditions is one per cent or better in the case of voltages, 
approximately 2 per cent in the case of currents, and 3 
per cent—with a maximum of 5 per cent for small 
magnitudes—in the case of power and reactive kv-a. 
This accuracy has been attained by providing (a) steps 
as low as 1 per cent or smaller for the adjustment of 
the impedance units and in the settings of the phase- 
shifting transformers, (b) a value of effective resistance 
in the reactors of the order of 4 per cent of the reactance, 
(c) a design of magnetic circuit in the reactors such as to 
give not over 1 per cent change of inductance due to 
change of current throughout the entire operating range. 

6. The network analyzer is intended to be used: 

(a) For purposes of teaching and research by 
students and research staff of the Massachusetts 

Institute of Technology, and 

(b) For commercial engineering service in the 
solution of network problems for engineers in operat- 
ing and designing work. 

In its design major consideration was given to the 
requirements for the use by students. As a tool for 
engineers, it is adapted to the solution of system prob- 
lems arising in normal operation, growth, and inter- 
connection; to the point-by-point computation of 
stability problems including the effects of symmetrical 
or unsymmetrical short circuits and sudden circuit 
changes; to the determination of steady-state load 
limits and to short-circuit studies in the relatively few 
eases where the d-c. calculating table will not yield 
adequate results. 

7. The ability of the analyzer to accomplish the 
purpose for which it was designed has been demon- 
strated by the solution of actual network problems 
which it has been called upon to solve. 
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ORIGIN OF THE WORD ELECTRON 


A recent publication in a contemporary radio journal 
gives the date 1891 as that at which the word “‘elec- 
tron’ was coined. The authority quoted is G. John- 
stone Stoney. 

In view of the fact that the electron in modern times 
is fairly well understood and that its migrations in 
evacuated tubes account for many astounding and 
useful applications of electricity to industry, it is of 
interest to attempt to trace the origin of the word. 

Although it was not until 1896 that the electron as 
we know it today was identified and determinations 
made relative to its physical characteristics, it is 
history that the ancient Greek poets called the sun 
nA\exTo? and Homer repeatedly so terms it (Illiad. 
Z/518: T./898). “Electron”? was used indefinitely by 
the Greek classic writers. In the minds of the Greeks, 
gold and the gold alloys were all children of the sun 
“elector,” and, in common with these, amber, in 
Hellenic speech, came to be called “electron.” 

During the past century and a half the unending 
excursions of investigators into the realm of physics 
brought to light all of the now known and understood 
properties of electricity and magnetism. In many of 
the new discoveries need arose for the coining of new 
words and terms by means of which particular effects 
or applications might be identified. Variations of 
the word electricity were convenient and suggestive. 
Such words as electro, electrostatic, electrolytic, 
electroscope, electryze, electrotonic, electrol, electro- 
graph, electrolysis, electross, electrolyte, dielectric, 
etc., were coined from time to time to meet the needs 
of invention. 

It is hardly probable that the word electron would 
escape the notice of workers in electricity until so 
late as the year 1891. 

A thorough search of historical electrical records 
might disclose that the word has been used long after 
the Greeks used it to refer to amber. That the term 
was current and had some significance in scientific 
circles is evident from the fact that in the electrical 
journal, The Telegrapher, of December 26, 1864, the 
word electron appears on page 36, at the bottom 
of the first column.—Donald MeNicol, in Radio En- 
gineering, New York. 


WAYS AND MEANS TO TRAFFIC SAFETY 


The Department of Commerce has recently released 
a booklet entitled ““Ways and Means to Traffic Safety”’ 
which is a summary of all recommendations of the 
National Conference on Street and Highway Safety. 
This pamphlet may be secured by addressing Honor- 
able Robert P. Lamont, Secretary of Commerce, 
Washington, D. C. 

American Engineering Council participated in the 
National Conference on Street and Highway Safety 
and made as its chief contribution the cooperative 
study on Street Traffic Signs, Signals and Markings. 
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RAILBONDING PRACTISE AND 
EXPERIENCE ON ELECTRIFIED STEAM 
RAILROADS 


By H. F. BROwN* 
Associate, A. I. E. E. 

This paper deals primarily with the development, 
description, and characteristics of various types of rail 
bonds used at track joints for traction return, and inci- 
dentally, signal track circuits. It outlines their per- 
formance and reasons for their selection on represen- 
tative electrified steam railroads, which include: 


Baltimore & Ohio 

Boston & Maine 

Chicago, Milwaukee, St. Paul & Pacific 

Delaware, Lackawanna & Western 

Illinois Central 

New York Central 

New York, New Haven & Hartford 

Norfold & Western 

Pennsylvania 

Reading 

Virginian 

‘No attempt is made to discuss the track circuit 

characteristics and requirements for either signaling or 
propulsion return. Cross-bonding, impedance bonding, 
and structure grounds are also outside the scope of this 
paper. 

The track construction and maintenance, weight of 
rails, type of joints, condition of roadbed, ballast, traffic 
density and frequency, wheel loadings, amount of cur- 
rent to be carried, track signal circuit requirements, 
etc., all have a direct bearing on the design and proper 
application of the rail bond, which thus becomes a 
problem involving mechanical as well as electrical 
features. 


From the data submitted, an attempt is made to 
indicate the trend of bond design. 


The paper is divided into two parts: Part I discusses 
the development of various types of rail bonds, including 
channel pin type, soldered and brazed types, stud ter- 
minal type, both compressed and expanded pin terminal 
type, taper pin terminal types, heat applied types in- 
cluding arc-weld and flame-weld and other types and 
methods, as well as substitutes which have been tried 
in place of bonds. 

Concealed versus exposed bonding is discussed, as 
well as single versus double bonding; and various 
methods of testing bonded joints are outlined. 

Part II describes the practise and experience on the 
various railroads mentioned in the synopsis, and many 


*Assistant Electrical Engineer, N. Y., N. H. & H.R. R., 
New Haven, Conn. 


Presented at the Summer Convention of the A. I. E. E., 
Toronto, Can., June 23-27, 1930. Complete copy upon request. 
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illustrations are shown of the numerous types of bond 
installations. 
SUMMARY 


It will be seen that not only is there a great variety in 
the types of bonds now in commercial service, but that 
from the same type of bond, different performance may 
be expected under different conditions of operation or 
track maintenance. It cannot be definitely said that 
any one type of bond requires a higher degree of track 
joint maintenance than another, although loose joints 
permitting of free movement of bolts and splice bars, are 
generally destructive to both the short heat-applied 
types of bonds and the longer concealed types. It may 
be said that in general the greatest cause of mechan- 
ical failures in bonds is that of fatigue, caused by 
vibration set up from the pounding of the heavy axle 
loads over the rail joints. By laboratory and service 
tests it has been proved that long bonds have a 
longer life than short bonds under the same conditions 
of such low-frequency vibrations. Hence it might. be 
deduced that long bonds around joints would outlast 
short bonds applied to the extreme end of the rails. 
Under service conditions, however, there are vibrations 
of much higher frequencies, which are difficult to repro- 
duce in laboratory tests. These vibrations can be, and 
often are, more destructive to, the longer types of bonds 
than to the shorter types, under actual service condi- 
tions. The mass of the material involved, its physical 
properties, natural period of vibration, inertia, etc., all 
have a bearing on the problem and on the performance 
of any type under given conditions. All types of bonds 
seem to give satisfactory mechanical performance and 
length of service under good track joint maintenance. 

Relative to electrical performance, the only cause for 
failure which is possible is the change in contact resis- 
tance, as between the bond terminal and the rail or 
between the bond conductor and its terminal. The 
latter cannot exist without mechanical failure in any 
properly manufactured bond; the former can exist 
without mechanical failure in the mechanically applied 
bonds only. The heat applied bonds thus seem to 
possess better characteristics from the electrical point 
of view. 

The problem resolves into a careful study of all 
conditions which are to be met and selecting the most 
economical type, taking into consideration the following 
requisites: 

1. The bond must have a low resistance, in place. 

2. Its contact with the rail must be permanent so 
that resistance will not vary with time. 

3. It must be easily installed by equipment readily 
available. 

4. It must havea low first cost. 

5. Itmust have alow maintenance cost. 

Taking all factors into consideration, the trend seems 
to indicate an increasing preference for the heat applied 
types. 
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Submitted by the Committee on Production and Application 
of Light 


INADEQUATE WIRING OF BUILDINGS 
By G. H. STICKNEY 

In a recent publication entitled, “The Key to 
Tomorrow’s Commercial Lighting’ the N.E. L. A. 
presents reasons why its member companies should co- 
operate actively with architects and consulting engi- 
neers to encourage the provision of considering wiring 
more adequately designed to meet the lighting require- 
ments of the occupants. A few examples are quoted, to 
indicate the serious economic losses to the central sta- 
tion customers, through the attempt to save by cheap- 
ening wiring installations, as well as the advantage of 
providing liberal capacity. These examples are actual 
instances selected from a large number reported by 
central station lighting service engineers. 


The original reports specified the actual locations, 
but for obvious reasons, all identifying information was 
deleted. The section entitled: ‘Rewiring is Costly” is 
quoted herewith: 


“A few examples may serve to illustrate how high 
rewiring costs may run and how those costs are les- 
sened by making the original installation adequate or 
by providing easy rewiring facilities with the original 
wiring. 

“A firm of stock brokers desired to install lighting 
which meant raising the wiring capacity from two watts 
to seven watts per sq. ft. As the building where the 
change was to be made had not yet been completed, 
the additional wiring could be added for $7000. The 
consulting engineer estimates that the same change 
made after the building was completed and in use 
would have cost $20,000. 

“A department store, 15 years old, has already found 
it necessary to rewire large sections three times, each 
time failing to rewire for the future. Now, the entire 
main floor and show windows are about to be rewired 
again at a further high cost, to obtain the modern 
lighting that it is felt is desirable. 

“Tn the plans for a small department store, wiring was 
laid out for 1144 watts per square foot and 100 watts per 
18 inches of show window. After this wiring had been 
roughened in, the owner became convinced that it was 
inadequate. Additional capacity was installed, giving 
314 watts per square foot and 200 watts per 18 inches 
of show window. ‘This additional work raised the cost 
of the wiring installation 30 per cent, and this was 
$2500 in excess of what it would have been had the 
wiring used been called for in the original plans. If it 
had been necessary to rewire after the building had 
been completed, to obtain this increased capacity it 
is estimated that this $2500 excess cost would have 
been $12,000, or even more. 

‘“‘A two-story garage, about 30 ft. by 125 ft., was 
rewired in 1926. Desire for more light made it neces- 
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sary to install a new service and increase the number 
and size of circuits, within three years. This cost 300 
per cent more than if the work had been done at the 
time of the first rewiring. 

“Tt must be remembered, too, that there are many 
buildings where the design makes it impossible to 
rewire at any cost without destroying the artistic 
beauties of the building, no matter how great the need 
for increased service may be. 

“And this condition exists solely because in the 
wiring, now an integral part of the building, a few 
mills a foot were saved by installing copper that was not 
capable of taking care of increased requirements for 
current that might be expected to develop in the build- 
ing. In conclusion, remember that a wiring installation 
designed to be adequate does not put any extra ‘use’ 
burden on the customer. The capacity is there to 
make additional service easily available when wanted. 
There is no obligation to use it. On the other hand, 
adequate copper means lower voltage drop, and the 
underloaded circuit is actually more efficient than the 
one which is being used to capacity.” 


COURSES IN FUNDAMENTALS OF ARCHITECTURE 
GIVEN FOR ILLUMINATING ENGINEERS* 

An important milestone in the progress of the science 
of illumination was passed during the week of Septem- 
ber 8th, when a group of 75 illuminating engineers 
in New York, and another group of 100 in Chicago, 
attended a special course of lectures on the “Funda- 
mentals of Architecture for Illuminating Engineers.” 
The courses were given concurrently from September 
8 to 18, by Columbia University in New York and the 
University of Illinois and Armour Institute in Chicago. 
Two lectures on architecture and allied subjects were 
given on each of the five days by professors of archi- 
tecture of the respective universities, and by prominent 
architects from each city. Inspection trips were also 
made to representative buildings. 

Illumination has come to play such a large part in 
modern building that illuminating engineers have felt 
a need for a better understanding of the architect’s 
problems and aims, to an end that both decorative and 
utilitarian illumination might better serve their pur- 
pose and carry out the architect’s conception. These 
two courses, organized by the Illuminating Engineering 
Society, are a concrete evidence of an increasing spirit 
of cooperation between the two professions which fore- 
tell of great possibilities for the future. 


Bulletin No. 4 of Alloys of Iron Research, published by 
Engineering Foundation in cooperation with the 
American Institute of Mining and Metallurgical 
Engineers, promises to be of unusual interest to its 
readers, including as it will in its contents valuable 
information on Iron and its combinations. 


*Submitted by H. S. Broadbent, Westinghouse Lamp Com- 
pany, Bloomfield, N. J. 


INSTITUTE AND RELATED ACTIVITIES 


Middle Eastern District Meeting 
at Philadelphia, October 13-15 


Plans have been completed for a meeting of the Middle Kastern 
District to be held in Philadelphia, October 13-15 with head- 
quarters at the Benjamin Franklin Hotel. An excellent program 
has been arranged,—engineering sessions and a number of 
interesting inspection trips; facilities for sports at the various 
country clubs; several social events, including an informal recep- 
tion and dance, a meeting banquet, and many entertaining fea- 
tures especially provided for the ladies who will be in attendance. 

Three luncheon meetings are scheduled as follows: 12:30 p. m. 
Monday, October 13, Joint Luncheon Meeting for Branch 
Counselors and Branch Chairmen; on the following day, Tuesday, 
October 14, at the same hour, Luncheon Meeting of Branch 
Counselors and another Luncheon Meeting of Branch Chair- 
men. And in addition to these three luncheon meetings, a con- 
ference of Branch Counselors and Branch Chairmen will be held 
at 2:00 p. m. on Monday, October 13. Those who are interested 
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TRANSMISSION LINE TOWERS OVER READING RAILROAD TRACKS 


in the names of speakers, their subjects, and further detailed 
deseription of these events, should consult the mailed announce- 
ment. 

On Monday evening, October 13, at 8:30 p. m., an Informal 
Reception and Dance will be held in the ball room of the 
Benjamin Franklin Hotel. On the following evening at 7:00 
p. m., there will be a banquet followed by entertainment and 
dancing in the Benjamin Franklin Hotel ball room. 


REGISTRATION 

All who plan to attend the meeting should register in advance 
by mail. A fee of $1.00 will be asked of members, and for 
students there will be a fee of 50 cents. 

Those intending to participate in the inspection trips should 
make application at the Registration Desk as far in advance 
as possible. 

Inspection TRIPs 

Numerous inspection trips have been coordinated with techni- 

eal sessions and include widely different kinds of installations to 


appeal to the varied engineering interests. The bus trips will 
start from the Benjamin Franklin Hotel. A trip to the Cono- 
wingo Generating Station has been scheduled for Thursday, 
October 16; those taking this trip will leave about 10:00 a. m. 
and arrive back at 5:00 p. m., while at Conowingo lunch will 
be provided without extra cost. 

Tickets for all trips may be purchased at the Registration 
Desk, where rates and any additional information may also be 
obtained. In order to allow the committee ample time to com- 
plete arrangements, registrations for all trips should be made 
as early as possible. 

Following is a list and schedule of the various inspection trips 
offered by the local committee: 


Monday, October 13, 1:30 p. m. 
R. C. A. Victor Corporation. 
Bell Telephone Company—Radeliff Station. 
Plymouth Meeting and Westmoreland Substations, Phila~ 
delphia Electric Co. 


Tuesday, October 14, 9:00 a. m. 
Atwater Kent Manufacturing Company. 
Philadelphia Storage Battery Company. 
Philadelphia Rapid Transit and City Transit Substations. 


Tuesday, October 14, 1:30 p. m. 


Pennsylvania Railroad—West Philadelphia Terminal and 
Lamokin Substation. 


Wednesday, October 15, 9:00 a. m. 


General Electric Company. 
Westinghouse Electric and Manufacturing Company. 


Wednesday, October 15, 2:00 p. m. 


Reading Railroad Electrification. 

American Brown-Boveri Company, and New York Ship- 
building Corporation. 

Deepwater Station. 


Thursday, October 16, 10:00 a. m. 
Conowingo Hydro-Electrice Station. 


(For a detailed description of the various features which may 
be seen on each of the above trips, see paragraphs under the 
heading ‘“‘Inspection Trips’ in the program). 

A complete list of the titles of the technical papers, together 
with the names of their authors and the companies with which 
they are affiliated, also the technical session at which these papers 
are to be presented, was published in the September issue of 
the JouRNAL pages 800-801 inclusive. 


COMMITTEES 


The officers of the General Committee are as follows: E. C. 
Stone, Vice-President, Middle Eastern District, No. 2, Chairman; 
J. A. Cadwallader, Secretary, Middle Eastern District, No. 2, 
Secretary; L. F. Deming, Vice-Chairman. The chairmen of the 
local subcommittees making the immediate arrangements for 
the meeting are as follows: H. C. Albrecht, Entertainment 
Committee; P. H. Chase, Committee on Inspection Trips; 
L. J. Costa, Headquarters-Hotels and Publicity; E. C. Drew, 
Finance Committee; C. D. Fawcett, Students’ Activities; 
D. H. Kelly, Committee on Registration and Arrangements; 
I. M. Stein, Meetings and Papers Committee; G. I. Wright, 
Transportation Committee; Mrs. P. H. Chase, Ladie§’ Com- 
mittee; and the following additional members: T. H. Clegg, 
J. V. B. Duer, I. C. Forshee, C. N. Johnson, J. L. MacBurney, 
KE. E. Merriam, J. H. Tracy, E. B. Tuttle. 
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Southern District Meeting at Louisville, Ky. 
November 19-22 


The Southern District will hold a four day meeting at Louis- 
ville, Ky., November 19-22, with headquarters at the Brown 
Hotel. A variety of subject matter comprises the technical 
program and will prove interesting and valuable to all who 
will attend. The social features of the program consist of an 
informal Smoker on Wednesday evening and a formal Dinner- 
Dance on Thursday evening. In addition, numerous attractive 
activities have been arranged for the ladies during their stay 
at the meeting. ‘ 

TECHNICAL SESSIONS 

Many interesting engineering features are to be presented in 
five technical sessions, arranged as follows: Industrial Appli- 
eations; Electric Railways; Transmission and Distribution; 
Protective Devices; and Selected Subjects. In the latter ses- 
sion engineering papers describing local hydroelectric stations, 
a modern steam station, the progress and design of single- 
phase series railway motors, and are welding in the electrical 
industry, will be presented. In the following part of this 
announcement is published a list of the titles of the papers, 
together with the names of their respective authors and the 
companies with which they are affiliated. 


ENTERTAINMENT 

There will be an informal Smoker on Wednesday evening at 
which Mr. E. L. Manning of the General Electric Research 
Laboratories will present interesting developments in the elec- 
trical sciences. 

On Thursday evening there will be'a formal Dinner-Dance 
in the ballroom of the Brown Hotel. Following the dinner 
there will be various entertainment features, which will be 
announced later, and dancing. 

Golf will be arranged for any time to suit the convenience 
of the player. 


Ladies’ Entertainment 

Wednesday Morning —Welcome and announcements of ac- 
tivities. 

Wednesday Afternoon—Sightseeing tour of residential section of 
city and parks. 


—Ladies are invited to attend the in- 
formal Smoker and lecture. 


Wednesday Evening 


—Bridge Luncheon at the Louisville 
Country Club. 

—Tea at the French Village. 

—Dinner Dance. 

—Shopping Tour of the business section 
of Louisville. 

—Matinee. 


Thursday Morning 


Thursday Afternoon 
Thursday Evening 
Friday Morning 


Friday Afternoon 
PROGRAM 
Wednesday, November 19 


10:00 a.m. Meeting called to order by General Chairman, 
J. P. Barnes. 
Welcome by the Mayor of Louisville, with 
Professor Rodman, Presiding. 
Remarks: Mr. W. S. Lee, President, A. I. E. EH. 
Professor Rodman, Vice-President of the South- 
ern District. 
TENTATIVE TECHNICAL PROGRAM 
Wednesday, November 19 
INDUSTRIAL PowmbR APPLICATIONS 
10:30 a.m. Electric Power in the Cement Industry, R. H. 


Rogers, General Electric Co. 


INSTITUTE AND RELATED 


2:00 p. m. 


10:00 a. m. 


2:00 p. m. 
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Electric Power in the Lumber Industry, A. H. 
Onstad, Weyerhaeuser Timber Company. 
A Modern Rubber Mill, N. A. Nigosin, Goodyear 


Tire & Rubber Co. 


TRANSPORTATION AND HLECTROLYSIS 


Electric Railways, Mr. Gordon. 
Lackawanna Electrification, KH. L. Moreland, Jack- 
son & Moreland, Engineers. 


A Cooperative Electrolysis Survey in Louisville, Ky., 
W. C. White, Southern Bell Telephone & Tele- 
graph Co. 


Thursday, November 20 
Technical Student Session, D. C. Jackson, Jr, 
Presiding. 
TRANSMISSION AND DISTRIBUTION 


Lightning Investigation at Aloca, Tenn., 
Housley, Knoxville Power Company. 


J. EH. 


Tur Brown Horer, HEapquarters or THE A. I. EH. E. 
SoutTHERN District MEprineG 


10:00 a. m. 


Operating Hxperience with Reactance Type Distance 
Relays, E. EK. George, The Tennessee Electric 
Power Co. 

Trailer Mounted Substations for Emergency Use, 
F. L. Moses & H. B. Wolf, Duke Power Co. 

Lighting Airway Beacons Direct from High Voltage 
Transmission Lines, F. W. Cartland, Westing- 
house Elec. & Mfg. Co. 


Friday, November 21 
Protective Devices 
Grounded Neutral Y-Connected Potential Trans- 
formers, C. T. Weller, General Electric Co. 
Physical Nature of Neutral Instability, A. Boyajian 
& O. P. McCarty, General Electrie Co. 
Theory of Abnormal Line to Neutral Transformer 
Voltages, C. W. La Pierre, General Electric Co. 
Protection of Three-Winding Power Transformers, 
R. E. Cordray, General Electrie Co. 
Power Transformer Noise—Its Characteristics and 
Reduction, R. B. George, Westinghouse Electric 
& Mfg. Co. 
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SELECTED SUBJECTS 


2:00 p.m. Governor Characteristics under Varying Load Con- 
ditions, R. C. Buell, R. J. Coughery, EK. M. 
Hunter, General Electric Co. and V. M. Marquis, 


American Gas & Electric Co. 


The Ohio Falls Hydro-Electric Station at Louisville, 
Ky., R. M. Stanley, Byllesby Engineering & 
Management Corp. and E. D. Wood, Louisville 
Gas & Hlectric Co. 


Modern Steam Stations of the Duke Power Com- 
pany, M. KH. Lake, Duke Power Co. 

Progress in the Design of Single-Phase Series Rail- 
way Motors, H. G. Jungk, Westinghouse Elec. & 
Mfg. Co. 

Automatic Arc Welding in the Electrical Industry, 
G. H. Koch, Westinghouse Electric & Mfg. Co. 


INSPECTION TRIPS 


The local committee in charge of the inspection trips has 
provided numerous interesting and instructive trips to points of 
engineering interest as well as points of historical interest. 
Hydroelectric stations, automatic substations, distribution 
networks, railway switching and signaling, and applications of 
electric power to manufacturing processes, together with high 
power radio broadeasting, offers a varied and interesting op- 
portunity to engineers attending this meeting to see a number 
of local developments. 


Following is a list of the available inspection trips that may 
be taken daily: 


Ohio Falls Hydro-Electrie Station. 

Waterside Steam-Electric Station. 

Automatic Substation. 

Low-voltage distribution network. 

Electric signaling and switching display. 

Application of electrie signals to steam and electric railroads. 

Industrial application of electric power to manufacturing 
processes. 

A modern high power broadeasting station. 


Saturday has been reserved for trips by bus to points of scenic 
and historic interest in Kentucky, among which the following 
are included: 


Mammoth Cave—An all day trip to one of the wonders of the 
world. 


Diz River and Lock 7 Hydroelectric Developments—A trip of 
unusual interest through some of the most beautiful scenery 
in this part of the country. These two plants include many 
features that are unique in hydroelectrie plant design. 


Historic Tour—A visit to the original Old Kentucky Home 
at Bardstown, where Stephen Collins Foster was inspired to 
write many of his immortal songs, and to the memorial erected 
at the Lincoln birthplace near Hodgenville. 


CoMMITTEES 


The personnel of the General Meeting Committee consists 
of the following: W. S. Rodman, Vice-President, Southern 
District, No. 4, Honorary Chairman; James P. Barnes, Chair- 
man; E. D. Wood, Vice-Chairman; A. 8. Hoefflin, Secretary; 
Philip P. Ash, James Clark, Jr.. G. W. Hubley, D. C. Jackson, 
Jr., F. H. Miller, L. S. Streng, Stanley Warth, H. W. Wisch- 
meyer; and the following who are chairmen of the various sub- 
committees: F. H. Miller, Technical Program; Philip P. Ash, 
Hotels and Registration; H. W. Wischmeyer, Transportation 
and Inspection; Stanley Warth, Entertainment; D. C. Jackson, 
Jr., Student Activities; E. D. Wood, Attendance and Publicity; 
James Clark, Jr., Finance. 
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Pacific Coast Convention 
AT PORTLAND, OREGON, SEPTEMBER 2-5, 1930 


With an attendance of more than three hundred, an excellent 
technical program, and attractive entertainment and recreation 
features, the nineteenth annual Pacific Coast Convention held 
in Portland, Oregon, September 2-5, 1930, was counted a very 
successful one. There were many expressions of appreciation 
of the excellent preparations made by the committees in charge 
and of the promptness and effectiveness exhibited in the conduct 
of all parts of the convention. 


TECHNICAL SESSIONS 


Seventeen technical papers presented at five sessions consti- 
tuted a program of great variety and interest. A summarized 
report of the discussions on these papers will be published in 
the November issue of the JoURNAL. 


SrupENT ACTIVITIES 


Ten papers by engineering students in the Pacific and North 
West Districts were presented at the Thursday morning and 
Friday afternoon sessions, which were devoted entirely to student 
papers. A joint Conference on Student Activities of the two 
Districts were held on Wednesday evening. A more complete 
report on all student sessions is given in the Student Activities 
Department of this issue. 


ENTERTAINMENT 


The President’s Reception and informal dance held on Tuesday 
evening constituted a very enjoyable opening of the social 
activities. The banquet held Thursday evening was the 
principal social event, and was attended by nearly all present 
at the convention. As toastmaster, L. T. Merwin, Vice-Presi- 
dent and General Manager of the Northwestern Electric Com- 
pany, Portland, contributed much to the success of the program. 

C. P. Osborne presented two prizes for the ladies’ bridge 
contest held on Wednesday afternoon, two for the ladies put- 
ting contest held on Thursday afternoon, and three for ladies 
who held the winning numbers, determined by a drawing from 
numbers distributed to all ladies at the banquet. President 
Lee expressed his deep appreciation of the excellent convention, 
and gave a brief address, very much interesting all present. 
He then presented the certificates and checks to the authors 
who had won prizes for the presentation of papers in the Pacific 
District during 1929, as follows: 


District First Prize. N.B. Hinson for his paper Popula- 
tion as an Index to Electrical Development, presented at the 
Pacific Coast Convention at Santa Monica, California, Sep- 
tember 3-6, 1929. : 


District Prize for Initial Paper. Mabel Macferran for 
her paper Parallel Operation of Transformers Whose Ratios of 
Transformation are Unequal, presented at the Pacific Coast 
Convention at Santa Monica, California, September 3-6, 1929. 


District Prize for Branch Paper. H. R. Lubcke for his 
paper Design Equations for Vacuum Tube Voltmeters, presented 
at the joint meeting of the San Francisco Section, University 
of California Branch, University of Santa Clara Branch, and 
Stanford University Branch on April 10, 1929. 

Each prize consisted of $25.00 paid from the Institute treasury 
and a certificate issued by the District officers. 

C. P. Osborne presented many attractive and useful prizes 
to the winners in-the golf tournament. W. F. Hynes of Port- 
land won the Fisken cup and first prize—a gladstone. Many 
features of entertainment interspersed the events of the 
evening. Dancing followed the dinner and the program out- 
lined above. 

Other events for the ladies included teas, a luncheon, and a 
motor trip on the Columbia River Highway. 
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TRIPS 


During the convention, inspection trips were made to many 
points of interest in and near Portland, and several longer trips 
were planned for Saturday, including those to the Crown- 
Zellerbach Paper Mill, Camas, Wash.; the Oak Grove Hydro- 
electric Plant on the Clackamas River; the Ariel Hydroelectric 
Development on the Lewis River; and Oregon State College, 
Corvallis, Ore. 

Future CONVENTIONS 


At a luncheon meeting held on Wednesday and attended by 
several Institute officers, officers or representatives of all Pacific 
Coast Sections, and others, it was decided to recommend that 
the Sections named below be hosts for the next three Pacific 
Coast Conventions: 

1931—San Francisco 
1932—Vancouver 
1988—Utah 


CONVENTION COMMITTEE 


The members of the General Convention Committee and the 
various subcommittees received just praise for the effective- 
ness with which the plans were made and carried out. The 
chairmen were: 

H. H. Schoolfield, General Convention Committee: H. H. 
Cake, Program; C. W. Fick, Entertainment; R. J. Cobban, 
Golf; A. K. Morehouse, Hotel; E. F. Pearson, Local Trips; 
Berkeley Snow, Publicity; A. S. Moody, Finance; C. P. Osborne, 
Transportation; J. E. Yates, Reception; A. H. Kreul, Regis- 
tration; Mrs. A. S. Moody, Ladies’ Entertainment. 


New York Section to Hold Three October 
Meetings 

The New York Section will open the administrative year for 
1930-31 with a series of three meetings during October: A 
Power Group meeting will be held on October 8th, the Com- 
munication Group will get together on October 14th, and a 
general Section meeting will be held on October 24th. A detailed 
statement follows. 


Power Group—October 8, 1930 


The first meeting of the Power Group for 1930-31 will be held 
at 7:30 p. m. on Wednesday, October 8, 1930 in Room 1, Fifth 
Floor, Engineering Societies Bldg., 33 West 39th St., New York. 
The speaker for the evening will be D. K. Blake of the Central 
Station Engineering Department, General Electric Company. 
Mr. Blake will give a talk on ‘‘A-c. Network Systems.’ He will 
cover the history and economics of the present low-voltage a-c. 
network system and the medium-voltage network of the future. 
In his conclusion, Mr. Blake will claim that the network principle 
is ideal for electrical distribution because it permits the ready con- 
nection of loads at any point and easy reinforcements by con- 
necting new sources of supply at heavily loaded centers. It is 
believed that the application of the network principle to 4000- 
volt overhead distribution in residential and industrial areas 
will greatly simplify system planning and operation. 

In accordance with the policy established for Group meetings 
an open discussion will follow, the meeting adjourning promptly 
at 9:30 p. m. to permit commuters to catch early trains. 


Communication Group—October 14, 1930 


The Communication Group will hold its first meeting in the 
Auditorium of the Bell Telephone Laboratories, 55 Bethune St., 
New York, N. Y., on the evening of Tuesday, October 14, 1930 at 
7:30 p. m. 

In order to give those attending the meeting a chance to get 
together with their friends, arrangements have been made 
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through the courtesy of the Bell Laboratories for the opening of 
their cafeteria to A. I. KE. E. members and guests. A supper will 
be served at 75 cents per plate beginning at 6 p.m. A sound 
picture and musical program will be given in the auditorium from 
7 to 7:30 p.m. Promptly at 7:30 p.m. Chairman A. F. Dixon 
will open the meeting which covers the general subject “Use of 
Communication Facilities in Aviation.’’ There will be five 
short talks on various phases of this subject, as follows: 


“Application of Communications to Air Transport Operation,” 
by A. K. Bohman, Pan-American Airways, Inc. 
The problem confronting air transport operators, with 
specific references to its international aspects. 


“Supplying Weather Information and Navigational Aids to 
Planes by Radio,’ by V. J. Clarke, General Electric 
Company. 

The dispatching of reports on weather and emergency 
landing-field conditions, supplying directional aids in the 
form of radio range service, and direction finding from the 
ground. 


“Two-Way Telephone Communication with Aircraft,’ by 
H. E. Young, Western Electric Company. 
The necessity for traffic control of planes by ground 
forces, and a general description of apparatus and methods 
for direct conversation with pilots. 


“Sources of Power for Aircraft Radio,” by F. C. Doughman, 
Westinghouse KE. & M. Co. 
A description of generators used as power sources for 
transmitters and receivers, with a discussion of the design 
problems involved. 


“Landline Handling of Aviation Traffic,” by C. M. Brentlinger, 
Western Union Telegraph Co. 
Facilities and methods employed in furnishing weather 
reports, plane dispatching information, and commercial 
telegraph service to planes and airports. 


General Section Meeting—October 24, 1930 


Believing that the first general meeting of the New York 
Section should be one of particular interest to all engineers, 
the officers of the Section have arranged as the subject for the 
evening of Friday, October 24, 1930, ‘‘The Electron Tube—A 
New Tool for the Electrical Engineer.”’ <A list of only a small 
fraction of the amazing number of the present day applications 
of the vacuum tube throughout industry, in the arts and sciences, 
far exceeds the compass of this notice. Just a bird’s-eye view 
from what has now become a commonplace application: the 
broadeasting and reception of entertainment and cultural pro- 
grams, through train and traffic control, lighting, navigation, 
measurements, communication, power transmission, and many 
others, will make it evident that the introduction of the vacuum 
tube presents almost inconceivable potentialities in the electrical 
future. To quote a prediction—‘‘There will be nothing that 
the average man sees, hears or buys, but what will be controlled, 
regulated or affected in some important respect by an electronic 
tube.” 

This amazing picture—the result of fundamental research and 
development work with which every engineer should be thor- 
oughly familiar—will be presented in outline by the first speaker 
of the evening, O. H. Caldwell, editor of Electronics and former 
Federal Radio Commissioner. The exact details of the rest of 
the program, it is not possible to give at the present time, but 
other speakers from the staffs of the large manufacturers of tubes 
will follow Mr. Caldwell, detailing some of the more interesting 
and most recent developments. There will also be an extensive 
exhibit of apparatus arranged in conjunction with the meeting 
with spectacular demonstrations. 


The meeting will start at 8:00 p. m. sharp in the Engineering 
Auditorium, 33 West 39th Street, New York, N.Y. 
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Nomination of Officers of the A. I. E. E. 


The actions specified in the Institute’s Constitution 
and By-laws relative to the organization of a National 
Nominating Committee are being taken, and the meet- 
ing of the National Nominating Committee for the 
nomination of officers to be voted upon at the election 
in the Spring of 1931 will held between November 15 
and December 15. All suggestions for the considera- 
tion of the National Nominating Committee must be 
received by the Secretary of the Committee at Institute 
Headquarters, New York, not later than November 15. 

The sections of the Constitution and By-laws govern- 
ing these matters are quoted below: 


CONSTITUTION 


28. There shall be constituted each year a National Nominat- 
ing Committee consisting of one representative of each geograph- 
ical district, elected by its Hxecutive Committee, and other 
members chosen by and from the Board of Directors not ex- 
ceeding in number the number of geographical districts; all to be 
selected when and as provided in the By-laws; The National 
Secretary of the InstiruTE shall be the Secretary of the National 
Nominating Committee, without voting power. 

29. The executive committee of each geographical district 
shall act as a nominating committee of the candidate for election 
as vice-president of that district, or for filling a vacancy in such 
office for an unexpired term, whenever a vacancy occurs. 

30. The National Nominating Committee shall receive such 
suggestions and proposals as any member or group of members 
may desire to offer, such suggestions being sent to the secretary 
of the committee. 

The National Nominating Committee shall name on or before 
December 15 of each year, one or more candidates for president, 
national treasurer and the proper number of directors and shall 
include in its ticket such candidates for vice-presidents as have 
been named by the nominating committees of the respective geo- 
graphical districts, if received by the National Nominating 
Committee when and as provided in the By-laws; otherwise the 
National Nominating Committee shall nominate one or more 
candidates for vice-president(s) from the district(s) concerned. 


BY-LAWS 


Sec. 22. During September of each year, the Secretary of 
the National Nominating Committee shall notify the chairman 
of the Executive Committee of each geographical district that by 
November Ist of that year the executive committee of each 
district must select a member of that district to serve as a member 
of the National Nominating Committee and shall, by November 
Ist, notify the Secretary of the National Nominating Committee 
of the name of the member selected. 

During September of each year, the Secretary of the National 
Nominating Committee shall notify the Chairman of the Execu- 
tive Committee of each geographical district in which there is or 
will be during the year a vacancy in the office of vice-president, 
that by November 15th of that year a nomination for a vice- 
president from that district, made by the district executive com- 
mittee, must be in the hands of the Secretary of the National 
Nominating Committee. 

Between October Ist and November 15th of each year, the 
Board of Directors shall choose five of its members to serve on the 
National Nominating Committee and shall notify the secretary 
of that committee of the names so selected, and shall also notify 
the five members selected. 

The Secretary of the National Nominating Committee shall 
give the fifteen members so selected not less than ten days’ 
notice of the first meeting of the committee, which shall be held 
not later than December 15th. At this meeting, the committee 
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shall elect a chairman and shall proceed to make up a ticket of 
nominees for the offices to be filled at the next election. All 
suggestions to be considered by the National Nominating Com- 
mittee must be received by the secretary of the committee by 
November 15th. The nominations as made by the National 
Nominating Committee shall be published in the January issue 
of the A. I. E. E. Journat, or otherwise mailed to the INsTITUTE 
membership during the month of January. 

F. L. Hurcuinson, 


October 1, 1930 National Secretary 


New Laboratory to be Dedicated at Lehigh, 


October 15-17, Inclusive 


At Lehigh University there will be dedicated by exercises 
to be held October 15-17, inclusive, thenew James Ward Packard 
Laboratory of Electrical and Mechanical Engineering, probably 
one of the finest buildings of its kind in existence and a memorial 
to James Ward Packard, an alumnus of the University. 

The morning of the first day will be given over to registrations; 
the dedicatory exercises will take place in the afternoon in the 
auditorium of the Laboratory, Doctor Charles Russ Richards, 
President of the University, delivering the introductory address. 
The keys of the building will then be presented formally to 
Doctor Eugene Gifford Grace, President of the Board of Trustees, 
by the architect, Theodore Cuyler Visscher. The dedicatory 
address, to be delivered by Charles M. Schwab, will follow, with 
the reading of greetings from sister institutions and an inspec- 
tion of the building itself completing the program. In the 
evening, a demonstration lecture by S. M. Kintner, Assistant 
Vice-President in Charge of Research at the Westinghouse 
Electric & Manufacturing Company will be given in the new 
auditorium. 

Among those to speak at the Tuesday morning session on the 
subject ‘‘What Industry Expects of the Technical Schools,” 
will be F. A. Merrick, President of the Westinghouse Electric 
& Manufacturing Company; William Butterworth, President of 
the United States Chamber of Commerce; L. W. Baldwin, 
President of the Missouri Pacific Railway; A. R. Glaney, Presi- 
dent of the Oakland Motor Car Company; M. S. Sloan, Presi- 
dent of the Brooklyn Edison Company and Bancroft Gherardi, 
Vice-President and Chief Engineer of the American Telephone 
and Telegraph Company; and also President of the Institute 
1927-1928. 

“What the Technical Schools Expect of Industry’”’ will be the 
keynote of addresses by Dexter S. Kimball, Dean of the College 
of Engineering, Cornell University, Dugald C. Jackson, Head 
of the Department of Electrical Engineering, Massachusetts 
Institute of Technology (another Past-President of the Institute); 
David Ross, President of the Ross Gear Company and member 
of the Board of Trustees of Purdue University, and W. W. 
Wickenden, President of the Case School of Applied Science. 

In the evening, a formal dinner will be tendered at the Hotel 
Bethlehem to the representatives of institutions and associations. 

Starting at 9:00 a. m. on Friday a conference on the future of 
American industry will be held in the auditorium of the new 
Laboratory, Magnus W. Alexander, President of the National 
Industrial Conference Board, opening the session with an 
address on ‘The Future of Industry, Its Problems and Needs,”’ 
will be followed by Edward A. Filene, President, and Chairman 
of the Board, of William Filene’s Sons’ Co., Boston, Massachu- 
setts, who will offer a discourse on the subject of “Distribution 
and its Effect on Industry.’’ Doctor John Johnson, Director 
of Research of the United States Steel Corporation, will be the 
third speaker, on ‘‘The Effects of Research on the Future of 
Industry,” S. L. Andrew, Chief Statistician of the American 
Telephone and Telegraph Company, closing the session with a 
discussion of ‘“‘The Methods of Industrial and Business Broad- 
casting.” 
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New Graduate Courses at the Polytechnic 


Institute of Brooklyn 


Dean Erich Hausmann, in charge of Graduate Study at the 
Polytechnic Institute of Brooklyn, has announced the appoint- 
ment of Doctor Vladimir Karapetoff, Professor of Electrical 
Engineering, Cornell University as Visiting Professor at the 
Institute. Doctor Karapetoff will conduct a seminar in ‘‘Con- 
temporary Advances in Electrical Engineering’’, including a re- 
view of the theory, construction and application of various groups 
of electrical machinery, the modern trend of development and the 
principal problems in the design, manufacture and operation of 
major types of electrical apparatus, as well as the analysis of 
recent literature on controversial points in electrical engineering 
and the prediction of probable paths of future development. 
He will also givea course in ‘Electric Waves’’, a study of the phys- 
ical characteristics of wavest raveling along parallel conductors, 
and the transmission and reflection of energy at junctions and 
line terminals. This course includes a study of the propagation, 
reflection and refraction of waves in free spaces, variation of the 
electromagnetic energy and the characteristics of transmission 
media. 

Mr. T. K. Kvale of the New York and Queens Electric Power and 
Light Co. will conduct a course in “Power Distribution Theory” 
studying the application of symmetrical coordinates in polyphase 
theory, the theory of faults on power systems, protective devices, 
phase converters and operating characteristics of interlinked 
systems. 

“Advanced Circuit Theory and Electromagnetic Theory”, given 
last year by Doctor Bernard Hague, visiting professor from the 
University of Glasgow, will be given this year by Doctor Ernst 
Weber, visiting professor from the Technical Institute of 
Charlottenberg, Germany, an eminent engineer-scientist. 


Ninth National Power Show 


Pursuant to notice which appeared on page 802 of the Sep- 
tember issue of the Institute’s JournaL,—a notable feature of 
this year’s Power Show seems to be a determination to exhibit 
heavier and larger units than ever before,—in many cases in 
actual operation. In fact, one nationally known manufacturer 
has arranged to display one of the largest units to go into the 
operation of a power plant (with reference to fueling equip- 
ment) and exhibit it under practical, operating conditions. 

The exposition is under the management of the International 
Exposition Company, Grand Central Palace, New York, of 
which Mr. Charles F. Roth is Manager. Annual Meetings of 
The American Society of Mechanical Engineers and the Ameri- 
can Society of Refrigerating Engineers will parallel the Power 
Show dates, December 1-6 inclusive, and for these meetings, 
the programs are now being arranged. 


SCC eee eee 


NATIONAL RESEARCH COUNCIL 


ETT 


COMMITTEE ON ELECTRICAL INSULATION 


FOOTE 


The regular annual two-day meeting and conference of the 
Committee on Electrical Insulation of the Council’s Division of 
Engineering and Industrial Research will be held November 7-8, 
1930 at the Bureau of Standards, Washington, D. C. The 
meeting will include three technical sessions at which 18 in- 
formal papers reporting current progress in dielectric and 
insulation research will be presented. On Friday evening, the 
7th, there will be a subscription dinner followed by an illus- 
trated lecture by a prominent physicist, on recent advances in 
dielectric theory. A statement of the complete program will 
be published shortly. Doctor J. B. Whitehead is Chairman of 
the Committee. 
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INDUSTRIAL RESEARCH LABORATORIES 


The Research Information Service of the National Research 
Council is preparing a revision of its “Industrial Research 
Laboratories of the United States, including Consulting Research 
Laboratories,”’ the third edition of which was published in 1927. 

This Bulletin is the only list of Research Laboratories known 
to the compilers and is undoubtedly used by many people, not 
only as a source of information concerning such laboratories but 
also as a mailing list for important announcements concerning 
new apparatus and processes, and for compilations of interest to 
research workers in industrial fields. 

In securing additional names of firms to which questionnaires 
should be mailed for the revision, the membership lists of all of the 
National Societies interested in chemistry, physics and engineer- 
ing were searched for names of men who listed themselves as 
research or development chemists, physicists or engineers; the 
personnel notes of the important technical journals were read for 
similar information; and, finally, the names of laboratories pub- 
lishing research papers were secured from the pages of these same 
journals. In this way were secured the names of 1250 firms, all 
of which are believed to maintain research or development 
laboratories. 

In spite of this rather extensive search, however, it is felt 
that many firms maintaining research laboratories have been 
overlooked. Since the value of such a compilation is in direct 
proportion to its completeness, it is hoped that every one in- 
terested will cooperate in this undertaking. 

If, therefore, your firm is not one of the 2250 to which a 
questionnaire has been sent (1000 in the third edition and the 
1250 additional names secured as above), will you not please write 
immediately to the RESEARCH INFORMATION SERVICE, 
NATIONAL RESEARCH COUNCIL, Washington, D. C., 
requesting that a questionnaire be mailed to your firm, in order 
that proper information may be secured regarding the research 
personnel and work carried on in your laboratory. This listing 
involves no financial obligation on the part of any firm and may 
be of considerable value at some time in the future. 


International Electrotechnical Commission 


The Seventh Plenary Meeting of the International Electro- 
technical Commission took place from June 27th to July 9th, 
1930. The opening plenary meeting was held in Copenhagen, 
the meetings of the Advisory (working) Committees were held 
in Stockholm, and the final plenary meeting to approve the 
work done was held in Oslo. 

The Scandinavian Governments and the Scandinavian 
National Committees contributed greatly toward making the 
meeting most successful, both from the standpoint of organiza- 
tion and technical results accomplished. 

Professor Enstrém of Sweden was elected President in Suc- 
cession to Professor Feldman, the Retiring President. It was 
decided to hold the next plenary meeting in Czechoslovakia 
in 1934. 

About 300 delegates representing twenty-two countries took 
part in the meetings. Thirty-two delegates represented the 
United States National Committee. A chief delegate was 
designated for each committee who acted as spokesman and 
voted for the U. S. A. Meetings on the various subjects which 
were held in parallel. The following subjects were dealt with: 


Nomenclature. 


There is under preparation a comprehensive vocabulary of 
technical definitions in French and English. Parts dealing 
with fundamental and general definitions, also telegraphy, 
telephony, and signaling are practically completed. The former 
eroup contains, among others, definitions of fundamental 
importance such as relate to the Constitution and Properties 
of Matter, Electricity and Magnetism, Electrochemistry, and 
Units and Systems of Measurement. 
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A particularly important action was the official adoption 
by the I. E. C. of the following names for the magnetic C. G. 8S. 
units: magnetic flux, maxwell; flux density, gauss; magnetic 
field intensity, oersted; magnetomotive force, gilbert. 


Rating of Electrical Machinery. 


Agreement was reached, subject to ratification by the various 
National Committees, to a revised standard specification for 
rating. This will contain new material relating to tolerances 
and revised values of temperature rise. 


Symbols. 


Symbols for Radio Communication and a revision of Publi- 
cation 35 dealing with heavy-current systems, were approved. 
Graphical symbols for telephones and telegraph, electric trac- 
tion and other automatic devices were studied with a view to 
adoption at a later date. 


Steam Turbines. 


A document was completed and approved. It will be pub- 
lished in two parts comprising: 

Part I—Specifications for Condensing Steam Turbines. 

Part JI—Rules for Acceptance Tests of Condensing Steam 


Turbines. 
Lamp Caps and Sockets. 

Agreement was reached concerning most of the essential 
dimensions of the bayonet cap and the medium flashlight and 
Goliath Edison screw caps. Certain outstanding questions 
which will probably be settled in the near future will, in case 
an agreement is reached, be submitted for approval to the 
International Commission on Illumination at its meeting in 
England in 1931. If such approval is received, these additional 
standards will be printed by the I. E. C. and finally considered 
at the next Plenary Meeting in 1934. This arrangement is 
proposed for the purpose of obviating a delay of three years. 


A'uminum. 


The adoption of international standard for hard drawn alumi- 
num was postponed on account of failure to agree upon a standard 
value for the resistivity, regarding which American and European 
practises are different. 

Investigations are being made preparatory to the establish- 
ment of standards for annealed aluminum wire. 

Standard Voltages and High-Voltage Insulations. 

It was decided not to add 132 kv. to the list of standard 
voltages published by the I. E. C. in Publication 36 but to adopt 
provisionally 400 kv. 

As regards insulators agreement was reached relative to the 
duration and methods of applying the test voltage, the position 
of the insulator during tests, and the angle of incidence, intensity 
and resistivity of the water spray. Other points remain to 
be settled. 

The meeting asked the National Committees to approve under 
the six months’ rule, taps of plus and minus four per cent for 
distribution transformers with primary voltages less than 60-ky. 


Electric Traction Equipment. 


Considerable progress was made towards completing standards 
for traction motors. The various national committees were 
asked to submit proposals regarding other apparatus used in 
traction systems, including mercury arc rectifiers; also data 
regarding overvoltages of the power supply. 

Insulating Oils. 


Certain principles for making tests were agreed upon and a 
subcommittee was appointed to devise a test method in accor- 
dance therewith. Comparative tests will then be carried out 
by the various national committees, mainly with the object of 
determining the accuracy with which results may be obtained 
by the various laboratories. Methods of sampling proposed 
by the United States National Committees were accepted for 
adoption under the six months’ rule. 
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For international purposes viscosity will be expressed in 
kinematie centipoises. 


Rules and Regulations for Overhead Lines. 

Study and comparison of the rules in force in various coun- 
tries was continued. A proposal relating to the calculation of 
the mechanical stability of conductors was discussed at length 
but no final conclusion was reached. Replies from the National 
Committees relative to principles underlying the program 
for future work were read and discussed. These views will be 
collated and distributed to the national committees. 


Radio Communication. - 

Agreement was reached as regards certain dimensions of 
tubes and bases, and connections and other requirements for 
bases. Tentative recommendations were made _ regarding 
standard directions of switches and other controls. Proposed 
safety regulations were reviewed concerning which further 
discussion will take place. The advisability of establishing a 
committee to study non-radio electrical interference with radio 
reception was referred to the National Committees. A compari- 
son was made of the letter symbols in use by various countries 
for amplification, slope and internal resistance with a view to 
standardization later. The committee considered that the 
time is ripe to undertake to define the general lines of acceptance 
specifications for radio valves. 


Measuring Instruments. 

Specifications for two classes of a-c. watthour meters and two 
classes of current and voltage transformers more especially 
intended for use with watthour meters were adopted. 


Rating of Rivers. 

Bases for computing and units for expressing waterpower 
resources for statistical use and for the purpose of making com- 
parisons between different rivers, river basins, regions and 
countries were adopted. 


Shellac. 


It was agreed to enlarge the scope of the committee to cover 
Lae for insulating purposes. Various tests, including tests to 
determine rosin and ash content were considered. Further 
proposals for research and methods of tests are solicited from 
the National Committees. 


Terminal Markings. 


Agreement on a system of marking is delayed because of 
three radically different schemes in use in different countries. 
Enlargement of the scope of the committee to include a definition 
of the direction of rotation, indications of transformer diagrams 
and colors for polarity of batteries and for conductors was 
requested. 


Oil Switches and Circuit Breakers. 


Definitions or rules for the following items were agreed upon. 
Operating Duty, Series of Operations, Standard Series of Inter- 
rupting Operations, Standard Series of Circuit making tests, 
Recovery Voltage, Making and Breaking Current (for deter- 
mining the performance of the circuit breakers), Short Time 
Current, Power Factor, and Breaking Power and Breaking 
Capacity. 


Internal Combustion Engines. 


This being the first meeting on this subject, the attention 
of the committee was given to reviewing the proposals of the 
various countries and to reaching agreement as to what subjects 
would first be given consideration. 

Of the subjects under consideration by the I. EB. C. five are 
in charge of the United States National Committee to which 
is entrusted the duties of the Secretariat as follows: Nomen- 
clature, which by a vote of the Committee of Action includes 
Letter Symbols for Scientific and Engineering Quantities, 
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Steam Turbines, Hydraulic Turbines, Internal Combustion 
Engines and Rating of Rivers. 

The Scandinavian meeting was a noteworthy one with respect 
to the amount of work which reached a stage of final adoption. 
Incidental to the meetings, opportunities were given for 
visiting some of the noteworthy power installations and manu- 
facturing plants of Sweden and Norway. A dramatic touch 
was given by the homage paid to Oersted in Copenhagen. 
Following a brief address by President Pedersen, President of 
the Danish National Committee, in the presence of all delegates, 
a wreath was deposited at the foot of the Oersted Statue. 
The delegates and ladies were entertained by official banquets 
offered by the cities of Copenhagen, Stockholm and Oslo, as 
well as by the National Committees of each country. 


New Test Method for Thermal 
Conductivities Issued by A. S. T. M. 


Designed to provide a simple and convenient means for de- 
termining the thermal conductivity of electrical insulating 
materials, as well as for use in testing laboratories which are 
now specially equipped for heat transfer work, a new Method of 
Test for Comparing the Thermal Conductivities of Solid Elec- 
trical Insulating Materials has been issued by the American 
Society for Testing Materials. The method is the thermal 
analogy of the potentiometer method of comparing electrical 
resistances. A specimen of unknown conductivity is placed 
in series with a standard specimen of known conductivity 
between plates which are maintained at different temperatures. 
The respective temperature differences across the standard and 
the test specimens when a steady state of heat flow is attained 
are inversely proportional to their relative conductivities. The 
conductivity of the standard specimens must, of course, be 
measured by an absolute method. Sets of thermal conductivity 
standards covering the usual range of electrical insulating ma- 
terials may be prepared by incorporating suitable proportions 
of graphite in rubber. Such sets may be calibrated in labora- 
tories equipped to make absolute measurements of thermal 
conductivity. 

This tentative A. S. T. M. method is designed for an accuracy 
of + 5 per cent which is sufficient for all present practical pur- 
poses. However, the method is inherently capable of as great 
an accuracy as the calibration of the standard specimens will 
warrant. 


Luncheon in Honor of Haron Shiba 


Baron Chuzaburo Shiba, Member of the House of Peers, 
Director of the Aeronautical Research Institute of Japan, 
Tokyo Imperial University, and Vice-President of the World 
Engineering Congress, was guest of honor at a luncheon held at 
The Engineers’ Club, New York, on September 23, 1930, and 
attended by eighty-five officers, past officers, and members of the 
national societies of Civil, Mining, Mechanical, and Electrical 
Engineers, and other engineering organizations. 

Robert Ridgway, Chairman of the Reception Committee, 
welcomed Baron Shiba and paid high tribute to his ability and 
energy, to which the great success of the World Engineering 
Congress was in large measure due. Francis Lee Stuart, 
toastmaster, and George Otis Smith and John R. Freeman, both 
of whom gave brief addresses, all spoke in high terms of the 
contributions of Baron Shiba to the suecess of the Congress, 
which has done much toward bringing engineers in various 
countries into a common understanding of their problems. 

Baron Shiba responded with an expression of deepest gratitude 
for the reception with which he had met, and the hope that the 
development of international understanding among those in the 
same profession, which was one of the principal purposes of the 
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World Engineering Congress, will continue in order that engi- 
neers and scientists of all countries may cooperate more closely 
for the benefit of all. 


A Memorial to George Westinghouse 


At the head of the ravine in Schenley Park, Pittsburgh, there 
will be dedicated October 6 to the memory of George Westing- 
house, great inventor and founder of the vast industries which 
bear his name, a bronze group of heroic proportions, created 
by Daniel Chester French, America’s foremost sculptor, and 
hailed by sculptors and art critics as the masterpiece of his 
brilliant career. The main unit rises twenty feet from a Nor- 
wegian granite base. It includes a dominating figure of Mr. 
Westinghouse in the prime of life, and flanking him are two 
figures—a skilled workman and an engineer typical of the 
thousands of artisans who have assisted the master in his work. 
Facing this group on a separate pedestal is a figure of American 
youth in an inspired attitude as he studies the monument of 
achievement, This statue has been lauded as the only figure 
ever created truly interpretative of the typical American boy. 


Airport Drainage and Surfacing 
Committee Program 


The program of the Committee on Airport Drainage and 
Surfacing, representing the American Engineering Council, the 
American Road Builders Association and the Aeronautics 
Branch of the Department of Commerce, has developed the 
most extensive series of cooperative studies that has ever been 
undertaken by American engineers on a nationwide basis, as 
announced by Harry H. Blee, Director of Aeronautic Develop- 
ment of the Aeronautics Branch and chairman of the committee. 

“Kighty-seven local engineering committees, representing 
a total of about 450 engineers located throughout the United 
States, have been organized to work in cooperation, and some 
thirty additional] local committees are in process of organization. 
Each local committee is composed of outstanding engineers in 
the community, including a highway engineer, drainage engi- 
neer, soil technologist and an engineer identified with the estab- 
lishment and development of the local airport.’ 


New Member of Journal Staff 


In October 1930, Mr. G. Ross Henninger of San Francisco 
will join the Institute headquarters staff in New York as Associ- 
ate Editor of the Institute’s Journau. This appointment is 
one step in the development of the recently adopted Institute 
publication policy announced in the August 1930 issue of the 
JOURNAL. 

Mr. Henninger was born in Ohio in 1898, was graduated from 
the University of Southern California with the degree of B.S. 
in KE. E.in 1921, and while attending the University, was affiliated 
with the Southern California Edison Company, Ltd. During 
1922-23 he was with the Westinghouse Electric & Manufacturing 
Company at East Pittsburgh, after which he was again with the 
Edison Company until December, 1924. From the latter date 
until the present he has been Engineering Editor of Electrical 
West, published in San Francisco by the McGraw-Hill Com- 
pany of California. 

Mr. Henninger is well known to the Institute membership 
on the Pacific Coast, having joined the Institute in 1922, and 
having been an active member of the San Francisco Section. 
He has served on various Section and convention committees, 
and a year as Secretary of the San Francisco Section. He 
leaves the post of Vice-Chairman of that Section to come to 
New York. 
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W. Hersert Sniper has moved from the Chicago office of the 
Curtis Lighting Company to the New York City office, and is 
now in charge of house sales there. 


R. S. Masson, Consulting Engineer, announces change of 
address from the National Bank Building to 430 South Berendo 
Street, Los Angeles, California. 


Homer O. Buatr, Consulting Engineer, announces the re- 
moval of his office from the Pacific Savings Building, Tacoma, 
to the Puget Sound Bank Building that city. 


Grorcae C. Crom, formerly Research Engineer for the Ameri- 
ean Transformer Co., Newark N. J., is now with Bludworth, 
Ine., makers of high-grade sound reproducing apparatus. 


J. ANDREW Dovauas, upon completion of a year of graduate 
study at the State University of Iowa, has accepted a position as 
Instructor in Electrical Engineering at Stevens Institute. 


A. L. O’Banton has resigned as Professor of Electrical Engi- 
neering at Clemson Agricultural College, S. C., to join the Design 
Division of Stone & Webster Engineering Corp., Boston, Mass. 


R. J. S. Preorr resigned as consulting engineer for Stevens & 
Wood, Ine., (now Allied Engineers) and has become Staff En- 
gineer at the Gulf Research Laboratory, in charge of engineering 
research. 


WeysBurn H. Dresser, who was formerly Power Engineer for 
the Universal Wirless Communication Co., on February 1 be- 
came Electrical Engineer with Harza Engineering Co., Hydro- 
electrie Consulting Engineers. 


C. E. Cuarrietp, formerly Sales Engineer of the W. D. 
Hamer Company and Chief Engineer Transelectric Company, 
Indianapolis, Ind., has become associated with the Lapp Insula- 
tor Company as Chicago Manager. 


J. S. Moutron, formerly Executive Engineer of the Great 
Western Power Company, now is in the Pacific Gas and Electric 
Company’s executive offices as Assistant to the Vice-President 
and Assistant General Manager. 


Marsuatt G. Hovueuron, for the past three and one-half 
years Electrical Engineer with Allied Engineers, Inc., Jackson, 
Michigan, has been appointed Supervisor of Electrical Engineer- 
ing at the Detroit Institute of Technology, in Detroit. 


RupoLPHO ORTENBLAD has recently been named as Chief 
Engineer for Pirelli S/A—Companhia Nacional de Conductores 
Electricos, Rio de Janeiro, Brazil. Mr. Ortenblad’s previous 
affiliation has been the International General Electric, in Brazil. 


R. C. Fryer, who for the past twelve years has held the posi- 
tion of Superintendent at the Meter, Laboratory and Test 
Department of the Union Gas & Electric Company has recently 
become associated with The Thos. J. Corcoran Lamp Co. of 
Cincinnati, Ohio, in charge of its new Electric Engg. Division. 


Henry L. Tuoustrup who has been engaged by the Westing- 
house Elec. & Mfg. Co., since April 1928, as Radio Engineer on 
Development of Special Radio Apparatus, on July 15 became 
associated with the General Motors Radio Corp. as Radio Engi- 
neer in charge of the Measurements Department. 


James B. MacLean, after being for five years with the J. G. 
White Engineering Corporation as an engineer in their electrical 
division, has just transferred to the Electrical Department of the 
Central Railroad Company of New Jersey, Jersey City, N. J., 
to be Assistant Engineer. 


James W. Owens, an international authority on welding, 
and formerly Welding Aide for the Bureau of Construction of the 
U.S. Navy, has resigned as Director of Welding at the Newport 
News Shipyard to become associated with the Welding Engineer- 


INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. E. E 


ing and Research Corporation, New York, N. Y., as its Secretary 
and Director of Engineering. 

Waurer Kravusnicx, who was previously Assistant Professor 
of Electrical Engineering at Texas A. & M. and Associate 
Professor of Electrical Engineering at the College of Engineering, 
Newark, N. J., this year received his Ph. D. from the University 
of Michigan and has now been appointed Professor of Electrical 
Engineering at the Ohio Northern University, Ada, Ohio. 


H. C. Lronarp, formerly of the Virginia Electric & Power 
Company, Richmond, Va., has been transferred to the El Paso 
Electrie Company as General Superintendent of Light & Power. 
In this capacity, Mr. Leonard will be directly in charge of the 
Light & Power Department, including sales of the El Paso 
Electric Company and the Mesilla Valley Electric Company. 


CuaupE G. Marruews, after 14 years of service with Graybar 
and its predecessor the Western Electric Company in Texas, 
first as a territorial salesman, then city salesman in San Antonio, 
supply and line material sales specialist, and for the past six 
years District Sales Manager, received effective August Ist, the 
appointment of Manager of the Graybar Electric Co., Milwaukee 
house. 


O. F. Brrzmr has resigned from the Aeme Wire Company of 
New Haven, Connecticut, where for the past four years he has 
been General Superintendent. Entering the employ of this 
company in 1908, his has been an unusually comprehensive ex- 
perience in development and manufacture of magne twire. Before 
assuming general supervision he had charge in all the manufac- 
turing departments of the plant successively. After a period of 
travel and recreation Mr. Bitzer expects to make an announce- 
ment which he believes will be of interest to industry. 


Obituary 


Frank Richards Ford, designer of the Philadelphia Rapid 
Transit and for thirty years a leader in industrial and public 
utilities engineering, died at the Medical Center, Philadelphia, 
September 17th. He was a director of numerous large corpora- 
tions and a member and one of the organizers of Ford, Bacon & 
Davis, Inc., New York City. 

Philadelphia was his birthplace; after attending the public 
schools, he entered the University of Pennsylvania, from which 
in 1890, he obtained his Bachelor of Science degree. Realizing 
something of the importance and magnitude of electricity as 
applied to industry and the transit situation, Mr. Davis concen- 
trated on public utility and industrial engineering. He served 
his apprenticeship, and in 1894 became a partner in the company 
that bears his name. From 1894 to 1906, his work included 
design, supervision, construction and reconstruction of, electrical 
equipment of the Orleans Railroad; electrical plant and motor 
equipment of a new building for the American Lithographic 
Company; electric motor equipment for printing machinery of 
Kaufmann & Strauss Co.’s factory (New York City); general 
supervision of design and construction of the Siegel-Cooper store; 
equipment of lines of the Bergen County Traction Company of 
Edgewater, N. J., and others; he also compiled statistical reports 
for many large and representative organizations such as the 
Northern Railroad Company of New Jersey, the Electric Ilumi- 
nating & Power Company of Long Island City, the Annapolis, 
Washington & Baltimore Railroad Company, and the Chicago 
City Railway Company. As a member of the firm of Ford, 
Bacon & Davis, Mr. Ford had general supervision of the firm’s - 
engineering work of reconstruction, equipment and extension on 
the specific operations of the Canal & Claiborne Railroad Com- 
pany of New Orleans; the Washington Traction & Electric Co., 
Washington, D. C.; the Metropolitan Street Railway Company, 
and Consolidated Electric Light & Power Company of Kansas 
City, as well as that on the Memphis Street Railway Company 
and the United Railroads of San Francisco. He was a member 
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of the New Jersey Port & Harbor Development Commission 
from 1917 to 1921 and from 1921 to 1923, a member of the Port 
of New York Authority. Among his achievements were his 
work in bringing about the unification of electric street railways 
in Chicago and the drafting of plans for the Philadelphia Rapid 
Transit. He became an Associate of the Institute in 1896 and 
in 1907 was transferred to the grade of Member. 


Thecdore Inslee Jones, of the engineering firm of T. I. Jones, 
Inc., also Vice-President and General Manager of the Radford 
Company, the Pneum-electric Corporation, and the American 
Flexible Shaft Manufacturing Company, died suddenly Sep- 
tember 12 from heart attack. For sixteen years Mr. Jones had 
served as General Sales Agent of the Brooklyn Edison Company, 
and in every undertaking proved his rare ability as an executive 
and organizer. As a recognized authority on electrical subjects, 
he was engaged by the Department of Hducation of the City of 
New York to give a series of lectures to be delivered during the 
year 1913. He was born in Ilion, New York, March 3, 1873 and 
was graduated with the class of 1896 from the Massachusetts 
Institute of Technology. He engaged with the American Tele- 
phone and Telegraph Company in its New York Office, identify- 
ing himself with the Inspection and Traffic Departments and 
originating and equipping, in collaboration with Assistant Gen- 
eral Superintendent Brooks, the first school of instruction for 
employes engaged in telephone traffic, which has since become an 
important adjunct of all telephone companies’ work. After four 
years’ experience with the American company, he took up similar 
duties with the New York and New Jersey Telephone Company, 
in its New Jersey Division. Leaving the telephone field, the 
early part of 1907 he became Illuminating Engineer for the 
Nernst Lamp Company of New York, and while still there, he 
received his call to organize the sales department of the United 
Electric Light & Power Company of New York, of which he was 
the first Sales Manager. He was elected to Associate member- 
ship in the Institute in 1904 and transferred to the grade of 
Member in 1913. He was also a member of the Illuminating 
Engineering Society and other engineering bodies before which 
he has delivered numerous papers. 

Elwood Wesley Beck, of Reading, Pennsylvania, an Associate 
of the Institute since 1923, died at his home on September 5th. 
He was born in Reading July 6, 1891 and his general and techni- 
cal education was obtained from International Correspondence 
School courses on Electric Lighting, and Railways, and Electrical 
Construction and Installation, Carnegie Institute of Technology. 
He was a veteran of the World War, in which he was completely 
disabled, the extent of his recovery being restricted to ability to 
sit up ina wheel chair. Fora week or so prior to his death he was 
confined to his bed. 

Fenton L. Osgerby, an electrical engineer with The Detroit 
Edison Co., was killed in a glider accident at Marysville, Michi- 
gan, on August 17, 1930. 

He was born at Fenton, Michigan, February 12, 1898. His 
was a varied career; after his course at the University of Michi- 
gan was interrupted by an enlistment in the Navy, he continued 
his studies in 1920 at Cornell. During the 1921 and 1922 summer 
periods, he worked with The Detroit Edison Co. and the West- 
inghouse Electric and Manufacturing Company. He then left 
college to spend a year with the Deep Springs Trust Company 
(California), but in 1925 returned to Cornell to receive his M. E. 
degree. While at College, he was elected a member of the 
honorary society 6 Kd. After graduation, he associated in turn 
with the Lincoln Electric Company of Canada, the Ohio Power 
Company at Canton, and The Detroit Edison Company. In his 
last position, he was active in calculations and field work on 
lightning, and also in overhead line calculations. During the 
past year, he became interested in gliding. He studied with 
Professor Franklin of the University of Michigan, readily learned 
to glide, made over 200 trips, and was giving a demonstration at 
the Marysville airport when he was killed. 

Mr. Osgerby was a member of the National Glider Association, 
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the A.B.C. Glider Club of Detroit, the Intercollegiate Club of 
Detroit, and an Associate of the Institute. 

William F. Willman, Assistant Purchasing Agent for the 
Edison Electric Illuminating Co. of Boston and member of the 
Institute (1921), died at Boston August 24, 1930. He had been 
in the employ of the company for 25 years, in standardizing and 
testing work, Station Engineering Department, and still later in 
the Electrical Division of this Department. He came to the 
Purchasing Department about six years ago as Assistant Super- 
intendent, his appointment to his last position taking place last 
year. Under his supervision many of the extensions to the main 
generating station of the Boston Edison Co., as well as many of 
its substations, were satisfactorily designed and executed. 

Charles Donaldson Knight, Manager of the General Elec- 
tric’s Bloomfield Plant, died September 4th at his home in Hast 
Orange. While in Bad-Nauheim, Germany several months ago, 
he suffered a serious attack of the heart, and asecond one recently 
upon his return to East Orange. 

Mr. Knight was born in Philadelphia in 1870 on the 25th of 
December. He attended the public schools there, but received 
his technical education in Paris. He was also a student in Lon- 
don under Hiram S. Maxim. For three years he was at the 
Watervliet Arsenal, New York, and for the next four years, in 
the Engineering Department of the General Electric Com- 
pany. He subsequently spent two and a half years with the 
National Electric Company and six months with the Cutler 
Hammer Company in Milwaukee in its Engineering Department. 
His connection with the General Electric Company at Bloomfield 
was formed thirty-five years ago. 

Mr. Knight was a Director of the Young Men’s Christian 
Association of the Oranges; also of the Bloomfield Bank and 
Trust Company and of the Watsessing Bank. He has resided in 
East Orange for eleven years and during that time has proved his 
worth in an active citizenship. He joined the Institute in 1905 
as an Associate but in 1913 advanced to the grade of Fellow. 


Addresses Wanted 


A list of members whose mail has been returned by the postal 
authorities is given below, together with the addresses as they 
now appear on the Institute records. Any member knowing the 
present address of any of these members is requested to communi- 
cate with the Secretary at 33 West 39th St., New York. 

All members are urged to notify Institute Headquarters 
promptly of any changes in mailing or business address, thus 
relieving the member of needless annoyance and assuring the 
prompt delivery of Institute mail through the accuracy of our 
mailing records, and the elimination of unnecessary expense for 
postage and clerical work: 

Birdsall, W. T., 6 Vincent Place, Montelair, N. J. 

Blackwedel, Geo. H., 1 Rose St., Cedarhurst, L. I. 

Cole, C. M., 1814 Grove St., Berkeley, Calif. 

Ellenwood, Warren E., 1100 E. 177th St., New York, N. Y. 

Gailun, Ben, P. O. Box 257, Angola, Ind. 

Ghous, Shah G., P. O. Box 733, Schenectady, N. Y. 

Goldschmidt, A. L., 416 Washington Bldg., Tacoma, Wash. 

Gorrissen, Chas., Hermannstrasse 38, Hamburg, Germany 

Grybek, John, 1575 Alice St., Oakland, Calif. 

Holroyd, H. B., Dept. of Mech. Eng., Calif. Inst. of Tech., 
Pasadena, Calif. 

Jones, D. Brainerd, 43806 45th St., Sunnyside, L. I. 

Keegan, W. G., 767 Maple Ave., Los Angeles, Calif. 

King, R. P., 48 W. 71st St., New York, N. Y. 

Lakos, Alexander, 3347 Cross Island Blvd., Bayside, L. I. 

McDougall, D. J., 1501 W. Pierce St., Phoenix, Ariz. 

McLaughlin, R. A., 203 Oley St., Reading, Pa. 

Pearson, Ernest, c/o Brewster, Marley Rd., Hartsdale, N. Y. 

Schnake, H. C., 7 E. 42nd St., New York, N. Y. 

Syed, Mustafa, 93-30 86 Road, Woodhaven, L. I. 

Trainer, Geo. T., Electrical Research Prod. Inc., Grand Rapids 
Nat’l. Bank Bldg., Grand Rapids, Mich. 
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PAST SECTION MEETINGS 


Los Angeles 

Coordinating Design, Construction, and Operation, by W. 5S. Lee, 
President of the Institute. Following this talk, Mr. Lee an- 
swered questions concerning engineering practise and Insti- 
tute affairs, and also outlined the changes which will be made 
in the publication of the Journau. The 1929 Initial Paper 
Prize in the 8th District was presented by Mr. Lee to 
Miss Mabel Macferran of the Southern California Edison 
Co., Ltd., for her paper entitled, Parallel Operation of 
Transformers Whose Ratios of Transformation are Unequal. 
A report of the Pacific Coast Convention held in Portland, 
Oregon, was given by Dean P. 8. Biegler who was the 
representative of the Section. Dinner preceded the meeting 
at the Engineers Club. September10. Attendance 75. 


Se 
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Louisville 

Dinner in honor of Professor D. C. Jackson, Jr., prior to his de- 
parture from Louisville to assume duties at the University of 
Kansas. E. D. Wood, representing the Section, presented 
Professor Jackson with a cigar lighter on which the 
A.I.E.E. emblem was inscribed. Professor Jackson, 
after thanking the Section members for the token, related 
some of his experiences while affiliated with the Section. 
August 29. Attendance 18. 

Annual recreational meeting devoted to sports, followed by a 
business meeting in the evening. E. D. Wood reported on 
the plans being made for the District Meeting to be held in 
November, and Philip Ash, Section Secretary, gave an out- 
line of the Convention held in Toronto last June. Septem- 
ber9. Attendance 40. 

Memphis 

Electricity as Applied to the Paper and Pulp Industry, by W. F. 
Bowld, Procter & Gamble Company. Following this talk 
a motion picture entitled ‘‘Paper and Pulp Industries” 
was presented. August12. Attendance 33. 


Niagara Frontier 
Executive Committee meeting. August 25. 


Vancouver 
Coordinating Design, Construction, and Operation, by W. 8. Lee, 
President of the Institute. A discussion on Institute affairs 
preceded the presentation of this paper. In the afternoon, 
there was an inspection trip to the B. C. Electric Railway 
Company’s generating station under construction at Ruskin. 
Dinner at the Georgia Hotel. September1. Attendance 18. 
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TECHNICAL PAPERS 


The Thursday morning and Friday afternoon sessions of the 
Pacific Coast Convention, held at the Multnomah Hotel, 
Portland, Oregon, September 2-5, 1930, were devoted to the 
presentation and discussion of ten technical papers written by 
engineering students in the Pacific and North West Districts. 

At the Thursday morning session, Victor Siegfried, Chairman 
of the Stanford University Branch, presided, and the papers 
named below were presented: 

A Visual Lichtenberg Figure Voltmeter, Lowell Hollingsworth, 
Oregon State College. (Presented by H. D. Moreland.) 

A New Synchronous Switch and Transient Visualizer, Leon 
Oldberg, University of Washington. (Presented by Karl 
Ellerbeck.) 

The Development of an Oscillation Transformer or Tesla Coil, 
L. E. Steele and H. R. Garrison, University of Washington. 
(Presented by Karl Ellerbeck.) 

A Study of Transients on Disconnecting Short Circuited Induction 
Motors and Air Core Inductances at Low Power Factors, 
C. L. Black and EH. C. McCarter, University of Southern 
California. (Presented by R. C. Lewis.) 
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Measurement of Heat Flow from Underground Electric Power 
Cables, W. Warren, T. Selna, and G. Vokota, University 
of Santa Clara. (Presented by W. Warren.) 

Lenard R. Engvall, Chairman of the State College of Washing- 
ton Branch, presided on Friday afternoon during the presentation 
of the following technical program: 

A Vacuum Tube Wattmeter, George W. Barnes, Oregon State 
College. (Presented by Glen Barnett.) 

Application of the 24 Vacuum Tube to Radio Frequency Ampli- 


fication, Elmer P. Gertsch, University of Utah. (Presented 
by F. C. Lundberg.) 
Characteristics of Transformer Coupled Audio Frequency 


Amplifiers, Wayne L. Shaw and Owen E. DeLange, Uni- 
versity of Utah. (Presented by F. C. Lundberg.) 

A Rapid Method of Measuring Loudspeaker Response, C. R. 
Skinner, Stanford University. 

Linear Conductors as Radio Directors and Reflectors, Leonard 
J. Black, University of California. 

The papers were well presented, and the authors received 
many compliments upon the importance of the results secured 
by their work. The attendance at each session was about 50, 
many of whom were practising engineers. There was a con- 
siderable amount of discussion. 


CONFERENCE ON STUDENT ACTIVITIES 


In accordance with the plan which has been in effect for several 
years, a joint Conference on Student Activities of the Pacific 
and North West Districts was held.on Wednesday evening, 
September 3. All Branches in the two Districts were repre- 
sented by their chairmen, and nearly all Counselors were present. 
Professor R. D. Sloan, Chairman, Committee on Student Activities 
of the North West District, presided. President Lee and Assistant 
National Secretary Henline were called upon for brief remarks. 
Chairman Sloan reported upon the discussions at the Summer 
Convention concerning Institute publications and student affairs. 

In a brief address on the subject, The Graduate Student’s 
Place in the Branch, Professor T. H. Morgan, Chairman of the 
Committee on Student Activities of the Pacific District, em- 
phasized strongly the desirability of conducting Branch activi- 
ties on such a basis that graduate students may be active par- 
ticipants and contribute the benefits of their interest and 
maturity. He said the recent changes in the provisions regard- 
ing enrolment have entirely cleared up the aspects which were 
unsatisfactory from the standpoint of graduate students, and 
that the contemplated plan of offering national and District 
prizes for papers by graduate students is desirable. 

During a rather extended discussion of the provisions for 
Student enrolment and for admission to the Associate grade 
upon the expiration of Student enrolment, the new plan was 
considered very satisfactory. 

There was a general discussion of each of the three following 
subjects: 


Methods of Maintaining Student Interest in the Branch. 

Summer and Permanent Employment in the Student Branch. 

The Institute and the High School Student. 

In the discussion on employment, President Lee, speaking 
as an employer and for success in engineering strongly empha- 
sized the necessity of some experience in doing work with the 
hands, advocating summer experience as very helpful. 

A motion was adopted requesting the Chairmen of the two 
District Committees on Student Activities to ask the Vice- 
Presidents of the Districts to call meetings of employers and 
representatives of the schools to discuss the entire subject of 
employment. 

At meetings held separately after the close of the Joint Confer- 
ence, the Counselors elected chairmen of their respective District 
Committees on Student Activities as follows: Pacifie District 
(No. 8), Professor S. G. Palmer, University of Nevada; North 
West District (No. 9), Professor G. L. Hoard, University of 
Washington. 
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Engineering Societies Library 
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_ The Library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan- 


tcal Engineers. 
library of engineering and the allied sciences. 
most of the important periodicals in its field. 
ninth St., New York. 


It is administered for these founder societies by the United Engineering Society, as a public reference 
It contains 150,000 volumes and pamphlets and receives currently 
It 1s housed in the Engineering Societies Building, 29 West Thirty- 


In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The Library maintains a collection of modern technical books which may be rented by members residing in North 
America. -A rental of five cents a day, plus transportation, 1s charged. 
The Director of the Library will gladly give information concerning charges for the various kinds of service to 


those interested. 
understand clearly what is desired. 


In asking for information, letters should be made as definite as possible, so that the investigator may 


The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 


July and August, when the hours are 9a.m.tod p.m. 


BOOK NOTICES, AUGUST 1-31, 1930 

Unless otherwise specified, books in this list have been pre- 
sented by the publishers. The Institute does not assume respon- 
sibility for any statement made; these are taken from the 
preface or the text of the book. 

All books listed may be consulted in the Engineering Societies 
Library. 

BEITRAG ZUR FRAGE DER ERMITTELUNG DER MECHANISCHEN 
VERLUSTE BEI SCHACHTFORDERANLAGEN. 

By Albert Vierling. (Forschunggsarbeiten, no. 328) Berlin, 
V. D. I. Verlag, 1930. 35 pp., illus., diagrs., tables, 12x9 
in., paper 6.-r. m. 

Reviews the methods that have been used to determine the 
mechanical losses in mine hoists and compares their accuracy. 
Two new methods applicable to hoists driven by three-phase 
induction motors are then developed and the results obtained 
with them at German mines are given. The use of the methods 
is described in detail. 

BERECHNUNG UND KONSTRUKTION DER DAMPFTERBINEN. 

By C. Zietemann. Berlin, Julius Springer, 19380. 452 pp., 
illus., diagrs., 9x6 in., bound. 33.-r. m. 

Aims to give a comprehensive, connected exposition of the 
principles, design and construction of steam turbines, with 
examples selected from current practise. Chapters are devoted 
to the thermodynamic principles, turbine design, the design 
and construction of single parts, governing, turbine types, and 
turbines for special purposes. The use of methods is illustrated 
by many solved problems. The book is an excellent introduc- 
tion to the subject. 
GESTEHUNGSKOSTEN UND 

ARBEIT. 

By Fr. Brock. Wien u. Berlin, Julius Springer, 1930. 48 
pp., diagrs., 9x 6 in., paper, 4.80 r. m. 

A discussion of the cost of electrical energy, intended to 
present the principles that underly rate making in a form easily 
understood by consumers and producers. The cost of produc- 
tion is first discussed and the influence of various factors shown. 
Rate making is then explained and various forms of tariffs are 
described. The influence of the power factor is given special 
attention. 

LeGgau Evements or BoUNDARIES AND ADJACENT PROPERTIES. 

By Ray Hamilton Skelton. Indianapolis, Bobbs-Merril 
Co., 1930. 580 pp., illus., 8x 6 in., fabrikoid. $5.00. 

The legal principles of surveying, although as important as 
mathematical precision, are usually less well understood by 
engineers. The deficiency is met by this book, which discusses 
the questions of law and fact that may arise, and illustrates, 
by numerous cases, the principles upon which courts have 
adjudicated them. 

MerasurmEMENT oF Hyprocmn Ion CONCENTRATION. 

By Julius Grant. N. Y., Longmans, Green & Co., 1930. 
159 pp., illus., diagrs., 9x 6in., cloth. $3.75. 

The widespread importance of this subject has made a knowl- 
edge of it essential to many persons who are unversed in electro- 
chemistry. This volume is planned to meet their needs. 
simple, yet adequate account of the theoretical side of the sub- 
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ject is given, with detailed descriptions of the methods used 
both in general and in particular cases. A collection of data 
and numerous references are included. 

OpticaL Activiry AND High TEMPERATURE MEASUREMENTS. 

By F. M. Jaeger. N. Y. McGraw-Hill Book Co., 1930. 
(George Fisher Baker Non-resident lectureship in chemistry at 
Cornell University), 450 pp., illus., diagrs., port., tables, 9x6 
in., cloth. $4.00. 

Contains three series of lectures delivered at Cornell Uni- 
versity during 1928-29 by Professor Jaeger of Groningen Uni- 
versity. The first series surveys modern views concerning 
relations between certain geometrical and physico-chemical 
properties of atomic systems, as they appear in the molecules 
of certain substances. The second reviews the methods for 
measuring high temperatures which have been developed at 
Groningen University, the results obtained, and the problems 
awaiting solution. The third series is concerned with the 
problem of the constitution of ultra-marines. 
PERSONENKRAFTWAGEN, KRAFTOMNIBUS UND LASTKRAFTWAGEN 

IN DEN VEREINIGTEN STAATEN VON AMERIKA. 

By Emil Merkert. Berlin, Julius Springer, 1930. 356 pp., 
illus., 9x6 in., cloth. 29,50 r. m. 

An examination of automobile passenger and freight trans- 
portation in the United States, with particular reference to the 
economic problems involved and to its effect upon the railroads. 
The development of motor transport, the economics of motor 
trucking, the economie limits of railway competition, regulation 
of motor traffic, motor-bus lines, highway financing, and the 
social, cultural and economic effects of the automobile are 
considered. 

PHOTOCELLS AND THEIR APPLICATION. 

By V. K. Zworykin and E. D. Wilson. N. Y., John Wiley 
& Sons, 1930. 209 pp., illus., diagrs., 8x5 in., cloth. $2.50. 

This book is intended to give an accurate account of the 
origin and rise of the photoelectric cell, of its behavior and fune- 
tions, and of its applications for picture transmission, television, 
sound projection, ete. The authors have endeavored to be 
comprehensible to the untrained man, as well as useful to the 
specialist. The book is a welcome addition to the scanty 
literature of a subject that is rapidly growing in importance. 


Preppisy; HLEKTROTECHNICKHHO SvazU CESKOSLOVENSKEHO, 
1930. Also a German translation; VoRSCHRIFTEN DES 
ESC, 1930. 

(Prague, Czechoslovak Hlectrical Assoe.] 1930. 269 pp., 
8x6 in. bound. $3.50. German trans. $4.70. 


The Czechoslovak equivalent of the National Electrical Code. 
Rules are given governing the installation and operation of 
transmission lines, radio equipment, telephones and telegraphs, 
and medical apparatus, with approved symbols, units, laws, ete. 
The rules have been prepared by the Czechoslovak Electrical 
Association and approved by the government. 


SELLING TRANSPORTATION. 
Edited by Albert S. Richey. N.Y. American Electric Railway 
Association, 19380. 214 pp., illus.,9x6in., cloth. $2.00. 


This volume records the outstanding accomplishments of seven 
electric railway companies, as shown by their records submitted 
in competition for the Coffin award of 1928 and 1929. The work 
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describes methods of increasing patronage and revenue, winning 
public cooperation, lowering costs, increasing reliability and 
safety, and improving management and labor relations. 


STAHLBAU. 

Edited by Otto Bondy. 
Berlin, V. D. I. Verlag, 1930. 
12;x9in., cloth. 12.-r. m. 


One hundred photographs illustrating the use of welding in the 
The photographs are taken 
from various American and European structures and illustrate 
the wide variety of ways in which welds can be substituted for 
Brief descriptions accompany the plates, and 
references are given to fuller published accounts. _ 
sponsored by the Welding Division of The Verein Deutscher 


erection of bridges and buildings. 


riveted joints. 


Ingenieure, 


TC 
MMMM niin nnn OL 


Engineering Societies Employment Service 


UU 
TM 


OTL 


a 


(Schweisskonstruktionen, bd. 1) 
16 pp. text and 100 plates. 
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Journal A. I. E. E. 


Srarix, bd. 1, Die Grundlagen der statik starrer K6rper. 
By Ferd. Schleicher. 
143 pp., diagrs.,6 x 4in., bound. 


Ber. u. Lpz., Walter de Gruyter & Co., 
1,80 r. m. 


A condensed presentation of the principles of statics intended 


for beginners. 


The book is 


TrcHNIcAL ARTS AND SCIENCES OF THE ANCIENTS. 
By Albert Neuberger. 
Maemillan Co., 1930. ve 
A translation of Neuberger’s ‘‘Die Technik des Altertums 
which has for over a decade been widely read in Germany. 
The book brings together much information that is widely 
scattered, and presents it in understandable, interesting fashion. 
Numerous photographs and drawings illustrate the text. r 
whole field of mining, metallurgy, agriculture, ceramics, engi- 


Trans. by Henry L. Brose. N. Y. 
518 pp., illus., 10 x 7 in., cloth. $10.00. 


The 


neering, dyeing, etc., is treated. 
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Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers cooperat- 


ing with the Western Society of Engineers. 


The service is available only to their membership, and is maintained as a 


cooperative bureau by contribution from the societies and their individual members who are directly benefited. 
Offices: —81 West 39th St., New York, N. Y.—W. V. Brown, Manager. 
1218 Engineering Bldg., 205 W. Wacker Drive, Chicago, Ill., A. K. Krauser, Manager. 

57 Post St., San Francisco, Calif., N. D. Cook, Manager. 

MEN AVAILABLE—Brief announcements will be published without charge but will not be repeated except upon 


requests received after an interval of one month. 
period of three months and are renewable wpon request. 


Names and records will remain in the active files of the bureau for a 
Notices for this Department should be addressed to 


EMPLOYMENT SERVICE, 31 West 39th Street, New York City, and should be received prior to the 15th day 


of the month. 


OPPORTUNITIES.—A Bulletin of engineering positions available is published weekly and is available to 


members of the Societies concerned at a subscription of $3 per quarter, or $10 per annum, payable in advance. 


Posi- 


tions not filled promptly as a result of publication in the Bulletin may be announced herein, as formerly. 

VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through the medium of this service are 
invited to cooperate with the Societies in the financing of the work by contributions made within thirty days after place- 
ment, on the basis of one and one-half per cent of the first year’s salary: temporary positions (of one month or less) 
The income contributed by the members, together with the finances appropriated 
by the four societies named above will it is hoped, be sufficient not only to maintain, but to increase and extend the service. 

REPLIES TO ANNOUNCEMENTS.—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwarded 
Replies received by the bureau after the positions to which they refer have been 


three per cent of total salary received. 


to the Employment Service as above. 


filled will not be forwarded. 


POSITIONS OPEN 


. DRAFTSMAN, possessing a sound technical 
education “and considerable experience in the 
design of air circuit breakers. Air circuit breaker 
experience essential. Salary about $50 a week. 
Apply by letter. Location, Pennsylvania. 
W-1649. 

ELECTRICAL ENGINEER, with ten or more 
years’ experience in the design and application of 
small fractional horsepower motors. Apply by 
letter, stating full details as to education and 
experience. Location, Middle West. W-1689-O. 

ELECTRICAL ENGINEER, familiar with 
design of small capacity air circuit breakers. 
Apply by letter. Location, Middle West. W-261-C. 

ASSISTANT TO CHIEF ENGINEER, elec- 
trical designer on a-c. motors up to 200-hp. Apply 
by letter. Salary $300 a month. Location, 
New Jersey. W-519. 

SALES ENGINEER, with experience in auto- 
matic motors starting equipment for industrial 
plants and machinery manufacturers. Apply only 
by letter stating age, education, experience and 
compensation expected. Location, Middle West. 
W-1714-C. 

ELECTRICAL ENGINEER, must be able to 
speak the Swedish, Danish and Norwegian lan- 
guages and able to take charge of the department 
for calculation and construction of starters, con- 
trollers, automatic switches’ and special apparatus 
for traction purposes (direct current). Apply by 
letter. Location, Foreign. X-8731. 
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GRADUATE ELECTRICAL ENGINEER, 
also trained in electrochemistry, desires to im- 
prove his position. Has experience acquired in 
estimating and designing electrical layouts, con- 


ducting and upkeeping large light and power 
plants, and research work carried out in the metal- 
lurgical field for a number of years. B-9034. 

GRADUATE ELECTRICAL ENGINEER, 
26, single, 10 years’ experience in motion picture 
projection, one year radio. Desires connection 
with concern interested in production end of 
motion pictures or television. Location im- 
material. Future behind position controlling 
factor. C-7934. 

ELECTRICAL, STEAM AND MECHANI- 
CAL SUPERVISOR, 33, married, 12 years’ 
experience in industrial and power plants. For 
the past four years has had charge of all steam 
and electrical power and maintenance of large in- 
dustrial plant consuming 4000 kw. electric and 
1200 hp. steam. Efficient consumption of power 
aspecialty. B-7004. 

ENGINEER, wide sales and executive ex- 
perience. Electrical training at Worcester Poly- 
technic Institute. Capable of developing or 
managing sales. O-5431. 

ELECTRICAL ENGINEER, 22, single. 
Recent graduate from the college of Electrical 
Engineering University of Dayton, Dayton, Ohio. 
Seeking position in any electrical line with oppor- 
tunity foradvancement. Availablenow. C-7456. 

RECENT GRADUATE, 23 years, single, 1930 
graduate in electrical engineering. Has had 2% 
years’ experience in radio production work, two 
years’ cooperative training in the manufacture of 
electric motors and generators. Desires a posi- 
tion in production work along any electrical line. 
Location preferred, New York or New Jersey. 
C-7918. 

ELECTRICAL ENGINEER, 
Graduate Pratt Institute 1930. 
boiler shop. 


20, single. 
Has worked in 
Desires job along electrical construc- 


tion lines. Languages; Lithuanian. Location, 
immaterial, interested in foreign countries. Best 
of references, and availablesoon. C-7938. 
ELECTRICAL ENGINEERING GRADU- 
ATE, age 26, single. Five years’ practical experi- 
ence in service of electrical machinery, a-c. and 


d-c. Will consider any position in E. E. where 
advancement is possible. Available on a week’s 
notice. C-7822. 


ELECTRICAL CONDENSER ENGINEER, 
with thorough knowledge of, and extensive ex- 
perience in, the design and application of impreg- 
nated paper, mica, and air dielectric condensers. 
Has proven ability by producing highest grade 
products at extremely low costs. Will present 
convincing details on receipt of correspondence. 
C-7970. 

COLLEGE GRADUATE, B. S. Degree, Wes- 
leyan University 1924, in electricity, physics, 
mathematics. One year electrical test, meters. 
Six years’ electrician, power and light, manager, 
estimating. Desires position as junior engineer 
in laboratory. Would consider position as chief 
electrician in manufacturing plant. Location, 
East. Available immediately. ©-4294. 

RECENT GRADUATE, electrical engineer; 
married, age 24. Location preferred, Northern 
United States. Available December lst. C-7975. 

ELECTRICAL DESIGNER, 36, married, 15 
years’ experience on design of generating stations, 
substations and industrial plants. Technical 
school graduate. O-7979. 

ELECTRICAL GRADUATE, B. S. Degree, 
30; married; 2 years’ public utility experience. 
Experience covers organization, teaching line- 
men’s school, design of construction equipment, 
testing construction materials, construction esti- 
mates, various cost account reports, cable layouts, 
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standard construction drawings. Executive abil- 
ity. Desires permanent position with growing 
organization. OC-7867. 


GRADUATE ELECTRICAL ENGINEER, 
30, wishes employment with large utility company. 
Has had 3 years’ experience with large industrial 
concern in power department and 4 years’ experi- 
ence with large contracting projects on main- 
tenance and electrical work. Well qualified as a 
junior executive for large industrial or public 
utility corporation. B-8606. 


INSTRUCTOR, to teach d-c. and a-c. classes 
and laboratory. Position desired by University 
graduate, 5 years’ practical experience, 3 years’ 
graduate work in engineering and business ad- 
ministration, but congenial personality is greatest 
asset. Linguistic qualifications: German and 
French. Specialaptitudefor teaching. ©O-930. 


GRADUATE ENGINEER, 31, married. Two 
years Graybar Electric, 314 years’ sales engineer 
followed by 3% years manager and officer of large 
electrical shop-construction company. Conver- 
sant with electrical and other machinery, its 


installation and maintenance. Available im- 
mediately. Location immaterial, West Coast 
preferred. O-7987. 

SALES ENGINEER, single, 38, distinctly 


electrical background, factory representative, 
likes contact work immensely. About 15 years’ 
selling experience New England proved ability. 
Desires permanent connection. Future. Special- 
ized knowledge of electrical conductors. Sub- 
stantial working knowledge, physics, chemistry 
electrical instruments and apparatus. Definite 
interest in standards, standards projects. Loca- 
tion, East except New York City. O-7897. 


ELECTRICAL ENGINEER, married, three 
years power and substation construction and 
maintenance, five years electric distribution con- 
struction, five years system planning and voltage 
regulations and load control. Available on two 
weeks’ notice. Eastern U.S. or Canada preferred. 
C-7992. 


ELECTRICIAN, age 40, single, technical and 
practical instruction, foreman, wireman, repairs, 
maintenance radio, etc. Twenty-five years’ 
experience. Speak Spanish and French. No job 
too large. Now under Civil Service wants to 
makeachange. C-7993-308-C-3. 


DISTRIBUTION ENGINEER, age 30, single, 
with four years’ experience in South America in 
distribution and maintenance. At present em- 
ployed as superintendent of cables in large South 
American city. Desires position as salesman or 
distribution engineer. Location, immaterial, but 


- South America preferred. Available on three 


months’ notice. C-1222. = 


EXPERIENCED SALES ENGINEER, wants 
additionallines. Now located at Denver and calls 
on the utilities from Omaha to Salt Lake City. 
C-8014. 


EXECUTIVE, 38, married, technically trained. 
Connections with large public utility, manufac- 
turers and industrial consultants on work of ad- 
ministrative and commercial nature. Especially 
qualified as assistant to busy executive needing 
man with management ability. Well endorsed. 
Prefers East. B-9122. 


METER ENGINEER, 26, single. Desires 
position in research or testing laboratory. Ten 
years’ experience with electrical measuring instru- 
ments including the potentiometer, oscillograph 
and special laboratory instruments. Also ex- 
tensive experience with relays. Capable of taking 
charge of meter laboratory. C-7961. 

GRADUATE ENGINEER, 22, single, protes- 
tant, B. S. in electrical engineering. One year’s 
experience teaching. Desires position in com- 
munication on power development work. Would 
consider South American position. Available 
now. C-8021. 

GRADUATE, 1929, with B.S. in electrical 
engineering. Desires position in technical de- 
partment of public utility. One year Westing- 
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house graduate Student Course. Location pre- 
ferred in or near New England States. C-8020. 

EXECUTIVE, SALES MANAGER, DIS- 
TRICT MANAGER, 36, married. Diversified 
experience power system construction and opera- 
tion. Fifteen years engineering application and 
sales electrical apparatus. Last ten years Dis- 
trict Manager, General Sales Manager, special 
representative for large transformer ‘manufac- 
turer. Broad experience dealing with executives, 
engineers and operating personnel of public utili- 
ties companies. Location, immaterial. O-8012. 

ELECTRICAL ENGINEER, experienced in 
estimate, design, negotiation and construction for 
railroad electrification and grade crossing elimina- 
tion, responsible project management, etc. De- 
sires position as budget or designing engineer. 
C-7096. 

PUBLIC UTILITY RATE ENGINEER, 
graduate M.1I.T. Six years’ experience large 
public utility and management companies, in- 
cludes preparation of gas, electric, and steam rates; 
economic studies and cost allocations; electrical 
engineering and design of power plants, sub- 
stations, industrial installations. Will also accept 
commercial executive or sales position in utility. 
B-9077. 

ELECTRICAL ENGINEER, 28, five years’ 
general legal, banking, industrial experience. 
Two years assistant sales manager, purchase and 
sales engineer, large N. Y. mfr. telegraph equip- 
ment. Extensively familiar important manufac- 
turers and jobbers. Excellent qualified to relieve 
busy executive and build sales and service. 
Also experienced in appraisals and specification 
wiring. C-8032. 

1929 GRADUATE ELECTRICAL ENGI- 
NEER, single, 22, 15 months on General Electric 
Test Course. Desires location with utility or 
manufacturing company or with concern doing 
consulting or construction engineering. Available 
immediately. Location preferred, New England. 
C-8028. 

1930 GRADUATE ELECTRICAL ENGI- 
NEER, single, 24. Desires position in steel 
mill or with some utility company that sells power 
to large industrial concerns. Will accept other 
work. Location, immaterial. C-7880. 


GRADUATE ELECTRICAL ENGINEER, 
Columbia University 1906, age 45, with 25 years’ 
experience with design and general engineering 
problems of steam-electric, generating stationsand 
distribution substations. Desires position as 
electrical engineer with public utility company or 
engineering firm. A-5466. 


1930 GRADUATE ELECTRICAL ENGI- 
NEER, one of the best engineering schools in the 
country, 25, single. Desires position. Especially 
interested in municipal work, editorial work, 
however, anything will be considered. Experi- 
ence one year radio concern also various business 
experience, and college training in business and 
law. Canfurnish best of references. C-8039. 


ESTIMATOR AND APPRAISER, 15 years’ 
experience with largest concerns. Graduate elec- 
trical and mechanical engineer, M.A. degree. 
Age 40, executive ability, now employed. Would 
consider new connections. C-3260. 


GRADUATE ELECTRICAL ENGINEER, 
35, married. Three years’ experience design, 
struction, operation, distribution system, power 
plant light, power utility. Three years’ electrical 
design, construction, operation street railway, one 
year assistant to chief engineer same property. 
Four years assistant electrical engineer head office 
large public utilities operating in foreign countries. 
Desires position with public utility, United States. 
C-5091. 

FELLOW A.I. E. E. long experienced in the 
manufacture of coils, transformers, high-frequency 
apparatus, and so forth, and the fussy details 
inherent thereto. Familiar with winding machine 
patent situation. B-6008. 


1929. GRADUATE ELECTRICAL ENGI- 
NEER, 24, single, 14 months on General Electric 
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Test Course. Desires location with utility or 
engineering work with manufacturing company in 
the south. Also interested in instructorship in 
a southern college. Hard worker. C-7881. 

MECHANICAL AND ELECTRICAL ENGI- 
NEER, married. Degrees here, and Doctor, 
Germany for research. Fifteen years connected 
and in charge purchasing, sales and export office 
handling materials every possible description in 
large amounts. Available because company closed. 
Wide business experience. Linguist. Adapta- 
ble to any position outside those mentioned. 
C-7823. 

GRADUATE ELECTRICAL ENGINEER 
(1909.) Native of India ,with considerable experi- 
ence in America, Europe and India, including 
teaching. Desires connections with electrical 
firm doing business with India. Will also con- 
sider an educational appointment with an engi- 
neering institution offering scope for research in 
railway electrifications. C-8072. 


ELECTRICAL ENGINEER, age 27, M.S., 
Iowa State College, 1930, B.S., Pennsylvania 
State College, 1925. Experience in calculation of 
a-c. distribution, testing, and as Graduate Assis- 
tant in Electrical Engineering. Desires position 
in testing of miscellaneous electrical machinery, or 
other technical work. Experimental work will 
be considered if it seems suitable. C-3202., 


ELECTRICAL ENGINEER, with 15 years’ 
experience in design, construction, reports and 
editorial work. Now engaged on special publish- 
ing job; will be available November ist for pub- 
licity or editorial work on trade publications. 
References with leading engineering and publish~ 
ing firmscan befurnished. B-4022. 


ELECTRICAL ENGINEER, (E. E. and 
Ch. E.), 34 years old, married, with ten years of 
diversified experience in construction and public 
utility practises, is available for new engagement 
at short notice. For the past three years em- 
ployed in administrative position with large 
eastern utility company. C-658. 


DEVELOPMENT ENGINEER, graduate of 
Case School, also has completed several graduate 
courses. ‘Two years’ experience in laboratory and 
research work. Familiar with vacuum tube 
amplifiers, relays and signal apparatus. Desires 
position in Middlewest in development of signal 
or control apparatus. Age 24, single. Available 
on two weeks’ notice. C-8002. 


MECHANICAL ENGINEER, college gradu- 
ate, age thirty, married, protestant. Six years’ 
talking picture and allied fields, research, design, 
quantity production. Has handled large crews 
in factories, small groups in laboratories. Ex- 
perienced executive and organizer, dealing with 
important men and problems. Early background 
in automotive industry. Location partly deter- 
mines salary. O-6872. 

EXECUTIVE, ELECTRICAL ENGINERR, 
graduate. Extensive Latin American experience. 
Capable taking complete field managerial charge 
operating, construction, preparing reports on 
properties public relations, new business and 
development work along acquisition lines. De- 
sires connection public utility or holding company 
either domestic or foreign. Acquainted Latin 
American requirements for obtaining concessions, 
etc. Speaks Spanish fluently. Married. C-761. 


ELECTRICAL ENGINEER, technical gradu- 
ate, 40, experienced in design and construction for 
industrial plants, including power-houses, sub- 
stations, duct lines, distribution systems, lighting. 
Seeks position as designer or superintendent of 
maintenance and construction. East preferred, 
but willgo anywhere. C-8001. 


GRADUATE ELECTRICAL ENGINEER, 
35, experienced transformer engineer. Twelve 
years General Electrical Company, Schenectady, 
Pittsfield test course, sales, engineering depts. 
Transformer quotation, design, development, 
factory engineering supervision, technical reports, 
investigating materials, power factor distribution 
systems. Technical school instructor. Desires 
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position design, sales, 
instructor. Location preferred, Hast, 
C-7321. 

ENGINEER, EXECUTIVE, B. S. degree. 


South. 


Twenty years’ experience in engineering contract- single. 


TTR 


PTT 


RECOMMENDED FOR TRANSFER 


The Board of Examiners, at its meeting of 
September 24, 1930, recommended the following 
members for transfer to the grade of membership 
indicated. Any objection to these transfers 
should be filed at once with the National Secretary. 


To Grade of Fellow 


BASCOM, HENRY M., Local Central Office 
Development Engr., American Tel. & Tel. 
Co., New York, N. Y. 

BEARDSLEY, CLIFFORD RB., Electrical Con- 
struction Engr., Brooklyn Edison Co., 
Brooklyn, N. Y. 

CLARK, ALVA B., American Tel. & Tel. Co., 
New York, N. Y. 

HOLBROOK, HENRY S., Chief of Power Trans- 
former Engg. Dept., British Thomson 
Houston Co., Ltd., Rugby, England. 

LEE, EVERETT S., Assistant Engineer, General 
Electric Co., Schenectady, N. Y. 


To Grade of Member 


ARLAND, FREDERICK L., Engineer of Special 
Studies, N. Y. Telephone Co., New York, 
INS Ys 

BARTEK, JOSEPH T., Asst. Elec. Engr., Stone 
& Webster Engg. Corp., Seattle, Wash. 

BOSSARD, GISBERT L., President and Director 
of Engg. Research, General Kontrolar Co., 
Inc., Dayton, Ohio. 

BOWEN, WILLIAM C., Substation Design 
Engr., West Penn Power Co., Pittsburgh, Pa. 

BRETTLE, ARTHUR C., Switchgear Specialist, 
General Electric Co., Buffalo, N. Y. 

BROOKS, GUY W., Elec. Engr., General Elec. 
Co., Buffalo, N. Y. 

BROWER, R. FRANK, Asst. Engr., N. Y. Edison 
Co., New York, N. Y. 

CLARKE, JOHN L., Transmission Engr., Bell 
Telephone Co. of Canada, Montreal, Que., 
Canada. 

CRITZAS, D. J., Designer, N. Y. Edison Co., 
New York, N.Y. 

DALY, CHARLES J., Transmission and Pro- 
tection Engr., Southern New England 
Telephone Co., New Haven, Conn. 

DAVIS, J. CLARK, Engineer, Kansas City Pr. & 
Lt. Co., Kansas City, Mo. 

FORBES, HARLAND C., Research Engr., 
N. Y. Edison Co., New York, N. Y. 

FROST, LAURANCE E., Asst. Inside Plant 
Engr., Brooklyn Edison Co., Brooklyn, N. Y. 

GABAY, Henry R., General Commercial Engr., 
N.Y. Telephone Co., New York, N.Y. 

GAULT, JAMES S., Asst. Professor of Elec. 
Engg., University of Michigan, Ann Arbor, 
Mich. 

HAGGERTY, DAVIS H., Asst. General Fore- 
man, N. Y. Edison Co., New York, N. Y. 
HARRIS, HARVEY L., Vice-President, Theodore 

Gary & Co., Chicago, III. 

HOLLAND, MAURICE, Director, 
Research Council, New York, N. Y. 

HOOVEN, MORRIS D., Engr., Transmission, 
Public Service Gas & Elec. Co., Newark, 
INES 

HOPPER, FRANCIS L., Acoustical Engr., 
Electrical Research Products, Inc., Holly- 
wood, Calif. 

HUGHES, RUSSELL H., Asst. Vice-President, 
N.Y. Telephone Co., New York, N. Y. 

JOHNSON, J. RALPH, Manager, Cali Office, 
Int. General Electric S. A., Colombia, S. A. 


National 


consulting engineer or ing, and purchasing. 


INSTITUTE AND RELATED ACTIVITIES 


Desires permanent con- 
nection with large industrial company or as a local 


representative. Location, New York City. B-5050. 


ELECTRICAL ENGINEER, B. Sec., 42, 
Twenty years of diversified experience in 
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KOENIG, HERMAN C., Engr.-in-charge, Elec- 
trical Testing Labs., New York, N. Y. 

KOERNER, C. A., Elec. Engr., Delta-Star Elec. 
Co., Chicago, Tl. 

LAKIN, C. E., Elec. Engr., Electrical Mgt. & 
Engg. Corp., New York, N. Y. 

LAURIE, R. M., Chief Load Supervisor, Hydro- 
Electric Power Comm., Niagara FalJls, Ont. 
Canada. 

MacFADDEN, SAMUEL P., Vice-President, 
Puget Sound Pr. & Lt. Co., Seattle, Wash. 
MacLEAN, JAMES B., Engr., J.G. White Engg. 

Corp., New York, N. Y. 

McCARTY, GEORGE M., Telephone Engr., 
American Tel. & Tel. Co., New York, N. Y. 

MEDBERY, STEPHEN C., Engr. of Main- 
tenance Practises, N. Y. Telephone Co., 
New York, N.Y. 

NILSSON, NILS J. E., Designer, Pacific Gas & 
Elec. Co., San Francisco, Calif. 

OLSON, MARTIN C., Elec. Engr., General Elec. 
Co., Schenectady, N. Y. 

OSCARSON, G. L., District Mer., 
Machinery Mfg. Co., St. Louis, Mo. 

PASSAGE, DAVID H., Designing Engr., Edison 
Elec. Ill. Co., Boston, Mass. 

POWERS, PHILIP H., Vice-President, West 
Penn Power Co., Pittsburgh, Pa. 

READ, GEORGE J., Division Engr., Brooklyn 
Edison Co., Brooklyn, N. Y. 

ROACH, CHARLES L., Toll and Transmission 
Engr., Bell Telephone Co. of Canada, Mon- 
treal, Que., Canada. 

ROBINSON, LYMAN W., Elec. Engg. Dept., 
Allied Engineers, Inc., Jackson, Michigan. 

RODGERS, Wm. H., Central Station Engr., 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh, Pa. 

ROOSEVELT, JOHN K., Vice-President, AJl 
America Cables, Inc., New York, N. Y. 

RUTHERFORD, PAUL H., Supervisor of Motor 
Design, Delco Products Corp., Dayton, Ohio. 

TANZ, ISADORE, Engr. of Toll Plant Extension 
and Transmission, N. Y. Telephone Co., 
New York, N. Y. 

TARANIK, JAMES S., Senior Designer, Pacific 
Gas & Elec. Co., San Francisco, Calif. 

THOMAS, ATHERTON, Asst. Engr., 
Edison Co., New York, N. Y. 

THORP, I. JAY, Supplies Engr., N. Y. Telephone 
Co., New York, N.Y. 

TRURAN, WALTER W., General Toll Engr., 
N. Y. Telephone Co., New York, N. Y. 

VON DANNENBERG, CARL O., Asst. Elec. 
Enegr., Elec. Mgt. & Engg. Corp., New York, 
IN 

WARNER, SEWARD A., Asst. Outside Plant 
Engr., Brooklyn Edison Co., Brooklyn, N. Y. 


APPLICATIONS FOR ELECTION 


Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless otherwise 
indicated, the applicant has applied for admis- 
sion as an Associate. If the applicant has applied 
for direct admission to a grade higher than Asso- 
ciate, the grade follows immediately after the 
name. Any member objecting to the election 
of any of these candidates should so inform the 
Secretary before October 31, 1930. 


Barnes, F,. C., Canadian General Electric Co., 
Toronto, Ont., Can. 

Boger, K., General Electric Co., Fort Wayne, Ind. 

Bower, M. M., American Tel. & Tel. Co., New 
Yorkeunmye 


Electric 


ING 


Journal A. I. E. BE. 


public utility practise with largest Utilities in the 
country. Broadly traveled here and abroad. 
Speaks English and French equally well and some 
German. Location immaterial. Desires position 
of responsibility. Available now. C-8105. 


TC 


Calhoun, M., 555 Smithson Ave., Erie, Pa. 
Case, B. A., General Electric Co., Fort Wayne, 
Ind. $ 
Collins, H. 8., Stromberg Carlson Tel. Mfg. Co., 
Rochester, N. Y. 

Cozzens, R. I., Philadelphia Rapid Transit Co., 
Philadelphia, Pa. 

Creekmore, F. B., Jr., Oklahoma Gas & Electric 
Co., Oklahoma City, Okla. 

Dalgleish, R. H., Jr., Westinghouse Elec. & Mfg. 
Co., Toledo, Ohio 

Deck, F. W., (Member), Philadelphia Electric Co., 
Philadelphia, Pa. 

Diehl, E. E., 999 West Delaware Ave., Toledo, 


Ohio 

Dodge, E. J., Pacific Tel. & Tel. Co., San Fran- 
cisco, Calif. 

Douey, J., Saskatchewan Power Commission, 


Regina, Sask., Can. 

Dyer, H. C., Poindexter Electric Co., Denver, 
Colo. 

Elton, M. B., Puget Sound Pr. & Lt. Co., Bremer- 
ton, Wash. 

Emory, C. R., 
Towson, Md. 

EoYang, T. T., Stromberg Carlson Tel. Mfg. Co., 
Rochester, N. Y. 

Foster, C. V., Tonawanda Power Co., 
Tonawanda, N. Y. 

Fuller, T., (Member), Westinghouse Elec. & 
Mfg. Co., Atlanta, Ga. 

Gallagher, L. C., American Tel. 
Oklahoma City, Okla. 

Gardner, M. E., Pomona College, Claremont, 
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West Chesapeake Ave., 


North 


& Tel. Co., 


Calif. 
Giesinger, P. E., Thomas A. Edison Inc., West 
Orange, N. J. 


Gutzwiller, W. E., American Brown Boveri Co., 
Inc., Camden, N. J. 

Haase, H. W., T. M. E.R. & L. Co., Milwaukee, 
Wis. 

Hepp, J. A., (Member), Union Elec. Lt. & Pr. Co., 
St. Louis, Mo. 

Howell, E. H., General Electric Co., Toledo, Ohio 
(Applicant for re-election.) 

Humble, C. E., Burke Electric Co., Pittsburgh, 
Pa. 

Iseminger, C. R., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Judson, W. G., Ward Leonard Electric Co., 
Mt. Vernon, N. Y. 

Kun, E., (Member), 120 Liberty St., Rm. 1100, 
New York, N. Y. 

LaBell, F. H., Northeastern University, Boston, 
Mass. 

Landers, L. J., Ohmer Fare Register Co., Atlanta, 
Ga. 

MacMahon, A. E., The Pacific Telephone & 
Telegraph Co., San Francisco, Calif. 

Macomber, S. L., Jackson & Moreland, Pullman 
Car & Mfg. Co., Chicago, Il. 

Mathews, H. M., (Member), Messrs. Merz & 
Partners, Montreal, Que., Can. 

McGoldrick, J. J., Dept. Water Supply Gas & 
Electric, New York, N. Y. 

Mearls, W. J., New York & Queens Elec. Lt. & 
Pr. Co., Flushing, N. Y. 

Meier, O., Jr., University of 
Philadelphia, Pa. 

Mengel, W. R., Allis-Chalmers Mfg. Co., Toledo, 
Ohio 

Morris, B. G., General Electric Co., Buffalo, N. Y. 

Nicholl, H. I., Canadian Westinghouse Co., 
Regina, Sask., Can. 

Nicolson, E, L., General Electric Co., Chicago, Ill. 


Pennsylvania, 


Oct. 1930 


Parker, L. H., Turlock Irrigation District, Tur- 
lock, Calif. 

Patterson, J. ©., Pennsylvania Railroad, West 
Philadelphia, Pa. 

Peterson, E. F., University of Santa Clara, Santa 
Clara, Calif. 

Poppino, C. A., International General Electric Co., 
New York, N.Y. 

Ritland, H. O., General Delivery, Menlo Park, 
Calif. 

Ross, J. J., (Member), Welded Products Corp., 
Kansas City, Mo. 

Ross, W. H., Dominion Electric Power, Regina, 
Sask., Can. 

Sadler, F. M., Clarksburg Water Board, Clarks- 
burg, W. Va. 

Saracino, F'. E., Lincol-Boyle Ice Co., Chicago, 
TAD 

Sturtevant, G. R., General Electric Co., West 
Lynn, Mass. 


INSTITUTE AND RELATED ACTIVITIES 


Sussenberg, ©. G., 1261 Broadway, New York, 


In 

Tanner, F. R., The C. & S. B. T. Co., Cincinnati, 
Ohio 

Van Wie, W. A., Westinghouse Elec. & Mfg. Co., 
Toledo, Ohio 


Wales, J., 23 Washington St., Beverly, Mass. 

Walters, L. G., (Member), Jobbers Supply Co., 
Portland, Ore. 

Woods, H. E., National Aniline & Chemical Co., 
Inc., Buffalo, N. Y. 

Woolaver, G. I., Jr., Metropolitan Edison Co., 
Easton, Pa. 

Wright, J. L., Toledo Edison Co., Toledo, Ohio 

Youngs, H. E., Sears, Roebuck & Co., Buffalo, 
ING YS 

Total 61 

Foreign 

Ali, M. G., The Saharanpur Electric Supply Co., 

Ltd., Saharanpur, India 
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Bakhsh, K., Indian Telephones &- Telegraphs, 
Simla, India 

Fourmarier, P., 140 Avenue de 1’Oleservatoire, 
Liege, Belgium 

Kuriyan, K. T., 11 George Square, Edinburgh, 
Scotland 

Lenners, G. J., Berliner Stadtische Elektrizitats- 
werke A. G., Berlin, Germany 

Narayanaswamy, N. V., Indian Institute of 
Science, Bangalore, India 

Potts, L. A., Poverty Bay Electric Power Board: 
Gisborne, N. Z. 

Seshasayee, R., ‘‘Servindia House,”’ 
Trichinopoly, India 
(Applicant for re-election.) 

Short, C. M., Jr., Anglo-Chilean Consolidated 
Nitrate Corp., Chile, South America 

Total 9 


Tennur, 


OFFICERS A. I. E. E. 1930-1931 


President 
WiLiiaM S. LEE 


Junior Past Presidents 
R. F. SCHUCHARDT Haro.p B, SmitTH 
Vice-Presidents 


H. V. CARPENTER 
G. C. SHAAD 


HERBERT S. Evans 
W. S. RopMAN 


C. E. FLEAGER I. E. MouLtrop 
E. C. STONE H. P. CHARLESWORTH 
C. E. Sisson AL NG AGY 
Directors 
F. C. HANKER J. E. KEARNS 
E. B. MEYER C. E. STEPHENS 
H. P. LIvERSIDGE A. B. CooPpER 
J. ALLEN JOHNSON A. E. KNOWLTON 


Ro He DPAPSCOrTT 
(Vacancy) 


National Secretary 
F. L. HutcHinson 


A. M. MacCuTcHEON 
A. E. BETTIS 


National Treasurer 
GEorGE A, HAMILTON 


General Counsel: PARKER & AARON, 30 Broad Street, New York 


LOCAL HONORARY SECRETARIES 


T. J. Fleming, Calle B. Mitre 519, Buenos Aires, Argentina, S. A. 

H. W. Flashman, Aus. Westinghouse Elec. Co. Ltd., Cathcart House, 
11 Castlereagh St., Sydney, N.S. W., Australia. : é 

BR: ee per Oe: Rio de Janiero Tramways, Light & Power Co., Rio de Janeiro, 

razil. 

A. P. M. Fleming, Metropolitan Vickers Elec. Co., Trafford Park, Manchester, 
England. 

A.S. Garfield, 45 Bd. Beausejour, Paris 16 E., France. , 

F. W. Willis, Tata Power Company, Bombay House, Bombay, India. 

Renzo Norsa, Via Caravaggio 1, Milano 25, Italy. 

P. H. Powell, Canterbury College, Christchurch, New Zealand. 

M. Chatelain, Lesnoi Polytechnic Institute, Apt. 27, Leningrad, U.S. 5. R. 

Axel F. Enstrom, 24a Ingeniorsvetenskrapsakademien, Stockholm, 5 Sweden. 

W. Eldson-Dew, P. O. Box 4563 Johannesburg, Transvaal, Africa. 


A. I. E. E. COMMITTEES 


(A list of the personnel of Institute committees may be found in the September 
issue of the JOURNAL.) 


GENERAL STANDING COMMITTEES AND CHAIRMEN 


EXECUTIVE, W.S. Lee 

FINANCE, C. E. Stephens 

MEETINGS AND Papers, A. E. Knowlton 
Pus.icaTion, W.S. Gorsuch 
CoorDINATION OF INSTITUTE ACTIVITIES, H. P. Charlesworth 
BOARD OF EXAMINERS, H. W. Drake 
SECTIONS. Everett S. Lee ; 
STUDENT BRANCHES, W. H. Timbie 
Mempsersuip, J. Allen Johnson 
HEADQUARTERS, R. H. Tapscott 

Law, E. B. Meyer ' 
Pupstic Poticy, Bafcroft Gherardi 
STANDARDS, F. D. Newbury 

Epison MEDAL, D. C. Jackson 


LAMME MEDAL, Charles F. Scott 

CODE OF PRINCIPLES OF PROFESSIONAL Conpbuwcrt, F. B. Jewett 

AWARD OF INSTITUTE Prizes, A. E. Knowlton 

Sarety Copes, A. W. Berresford 

ENGINEERING PROFESSION, H. A. Kidder 

COLUMBIA UNIVERSITY SCHOLARSHIPS, W. I. Slichter 

POPULAR SCIENCE AWARD, A. E. Knowlton 

ADVISORY COMMITTEE TO THE MUSEUM OF THE PEACEFUL ARTS, J. P. Jackson 


TECHNICAL COMMITTEES AND CHAIRMEN 


AUTOMATIC STATIONS, F. Zogbaum 

COMMUNICATION, G. A. Kositzky 

EpucaTIion, W. R. Work 

ELECTRICAL MACHINERY, Philip L. Alger 

ELEcTRIC WELDING, P. P. Alexander 

ELECTROCHEMISTRY AND ELECTROMETALLURGY, P. H. Brace 
ELEectTrRopHysiIcs, O. E. Buckley 

GENERAL POWER APPLICATIONS, C. W. Drake 
INSTRUMENTS AND MEASUREMENTS, E. J. Rutan 
APPLICATIONS TO IRON AND STEEL PRODUCTION, A. C. Cummins 
PRODUCTION AND APPLICATION OF LiGHT, George S. Merrill 
APPLICATIONS TO MARINE Work, R. A. Beekman 
APPLICATIONS TO MINING Work, Carl Lee 

POWER GENERATION, F. A. Allner 

POWER TRANSMISSION AND DISTRIBUTION, P. H. Chase 
PROTECTIVE DEVICES, Raymond Bailey 

RESEARCH, L. W. Chubb 

TRANSPORTATION, Sidney Withington 


A. I. E. E. REPRESENTATION 


(The Institute is represented on the following bodies; the names of the repre- 
sentatives may be found in the September issue of the JOURNAL.) 


ALFRED NOBLE PRIZE COMMITTEE, A. S.C. E. 

AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE, COUNCIL 

AMERICAN BUREAU OF WELDING 

AMERICAN COMMITTEE ON ELECTROLYSIS 

AMERICAN ENGINEERING COUNCIL ASSEMBLY 

AMERICAN MARINE STANDARDS COMMITTEE 

AMERICAN STANDARDS ASSOCIATION 

AMERICAN YEAR Book, ADVISORY BOARD 

CHARLES A. COFFIN FELLOWSHIP AND RESEARCH FUND COMMITTEE 

COMMITTEE OF APPARATUS MAKERS AND USERS, NATIONAL RESEARCH COUNCIL 

COMMITTEE ON ELIMINATION OF FATIGUE, SOCIETY OF INDUSTRIAL ENGINEERS 

COMMITTEE ON HEAT TRANSMISSION, NATIONAL RESEARCH COUNCIL 

ENGINEERING FOUNDATION, INC. 

ENGINEERING SOCIETIES RESEARCH BOARD 

Hoover MEDAL COMMITTEE 

JouNn Fritz MEDAL BOARD OF AWARDS 

Jornt COMMITTEE ON WELDED RAIL JOINTS 

Jornt CONFERENCE COMMITTEE OF FOUR FOUNDER SOCIETIES 

LIBRARY BOARD, ENGINEERING FOUNDATION, INC. 

NATIONAL FIRE PROTECTION ASSOCIATION, ELECTRICAL COMMITTEE 

NATIONAL FIRE WASTE COUNCIL 

NATIONAL RESEARCH COUNCIL, ENGINEERING DIVISION 

NATIONAL SAFETY COUNCIL, ELECTRICAL COMMITTEE OF A. 8. S, E.—ENGINEER- 
ING SECTION 

Rapio ADVISORY COMMITTEE, BUREAU OF STANDARDS 
S. NatTroNAL COMMITTEE OF THE INTERNATIONAL COMMISSION ON 
ILLUMINATION 

U. S. NatIoNAL COMMITTEE OF THE INTERNATIONAL ELECTROTECHNICAL 
COMMISSION 

WASHINGTON AWARD, COUNCIL OF 


GEOGRAPHICAL DISTRICT EXECUTIVE COMMITTEES 


Chairman _ Secretary 
District (Vice-President, A. I. E. E.) (District Secretary) 
No. 1—North Eastern.............4.5+0-: I. E. Moultrop, Edison Elec. Ilum. Co. of Boston, 39 A. E. Stevens, General Electric Co., Schenectady, N. Y. 
Boylston St., Boston, Mass. ; ; 
Woe 2 MiddilesP astern =<. aim. aah armiee: E. C. Stone, Duquesne Light Co., 435 Sixth Ave., Pitts- is re Cagmaleee a Tel. Co. of Penna., 416 Seventh 
burgh, Pa. ve., Pittsburgh, Pa. 
— LEV i hme maneaaerieres: he H. P. Charl th, 463 West St., New York, N. Y. C.R. Jones, Westinghouse Elec. & Mfg. Co., 150 Broad- 
Noses — News. otke City. cn cc. mi arleswor ae Nev York = Se “ 
Pen ENEEIUE Meran hacer ick cena eee Rise W.S. Rodman, Box 675, University, Va. J. S. Miller, Jr., Box 12, University, Va. 
abe eee ahs ee Ea es ON ees T. N. Lacy, Michigan Bell Tel. Co., 1365 Cass Ave., De- A. Speeiee PALA nase States Power Co., 15 S. 15th St., 
. troit, Mich. inneapolis, Minn. | 
RE este ee ae Herbert S. Evans, University of Colorado, Boulder, Colo. M. S. Coover, University of Colorado, Boulder, Colo. 
Ne oo ede Wont, EN PRT Ne G. C. Shaad, University of Kansas, Lawrence, Kans. Robert W. Warner, University of Kansas, Lawrence, Kans. 
No. 8—Pacific ig ee oe rere C. E. Fleager, Pacific Tel. & Tel. Co., 140 New Mont- H. W. Hitchcock, 1050 Telephone Building, 740 South 
i > eee gomery St., San Francisco, Calif. Olive St., Los Angeles, Calif. ; 
Nos = WOstHeWWieStrrce scree) s syltemren seers emer tree H. V. Carpenter, State College of Washington, Pullman, R. D. Sloane, State College of Washington, Pullman, Wash. 
é Wash. 


Bye SAV Obst Volt 5.4 ma tin Oo ener eees Otan ho) Ooaey Be He eats Ont. 


C. E. Sisson, Canadian General Electric Co., 1025 Lans- 


W.L. Amos, Hydro-Elec. Power Commission, 190 Uni- 
versity Ave., Toronto, Ont. 


Note: Each District Executive Committee includes the chairmen and secretaries of all Sections within the District and the chairman of the District Committee 


on Student Activities. 
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Name 


Akron 


Atlanta 
Baltimore 


Birmingham 


Boston 
Chicago 
Cincinnati 


Cleveland 
lumbus 


Connecticut 


Dallas 
Denver 


Detroit-Ann Arbor 


Erie 
Fort Wayne 
Houston 


Indianapolis-Laf. 
Iowa 


Ithaca 
Kansas City 


Lehigh Valley 
Los Angeles 
Louisville 
Lynn 
Madison 


Memphis 
Mexico 


Milwaukee 
Minnesota 


Nebraska 


District 


(2) 


(4) 
(2) 


(4) 
(1) 


(5) 


(2) 


(2) 
(2) 
(1) 
(7) 
(6) 
(5) 


(2) 
(5) 
(7) 
(5) 


(1) 


(5) 


(4) 
(3) 
(5) 


(5) 


(6) 


INSTITUTE AND RELATED ACTIVITIES 


LIST OF SECTIONS 


Chairman Secretary 
H. C. Paiste Alvin P. Regal, Phila. Rubber 
Works Co., Akron, Ohio 
H.C. Uhl O. O. Rae, Westinghouse Elec 
& Mfg. Con Atlanta, Ga. 
W.B.Kouwenhoven J. Wells, Western Electric Co., 


W. E. Bare 
J. P. Kobrock 


F. H. Lane 


T. C. Reed 


F. W. Braund 
C. D. Price 


Samuel Ferguson 


L. T. Blaisdell 
R. B. Bonney 
LeRoy Braisted 


G. R. McDonald 
W. J. Morrill 
C. D. Farman 
E. G. Ralston 


J. K. McNeely 


W. C. Ballard, Jr. 


J. S. Palmer 


W. M. Harbaugh 


W. 4H. Hitchcock 


James Clark, Jr. 


A. L. Ellis 


L. C. Larson 


M. Eldredge 
G. Solis-Payan 


F. A. Kartak 


D. K. Lewis 


W. O. Jacobi 


Name and Location 


Akron, Municipal Univ. of, Akron, Ohio 
Alabama Polytechnic Inst., 
Alabama, Univ. of, University, Ala 
Arizona, Univ. of, (Tucson, Ariz 


pe School of Tech., Atlanta, Ga 
Idaho, University of, Moscow, Idaho 
Iowa State College, Ames, Iowa 
Iowa, State University of, Iowa City, Iowa 
Kansas State College, Manhattan, Kansas 
Kansas, Univ. of, Lawrence, Kansas 
Kentucky, Univ. of, Lexington, Ky 
palette College, Easton, Pa 


25 Broening Rd., Baltimore, 
d 


O. E. Charlton, Alabama Power 
Co Birmingham, Ala. 

G. J. Crowdes, Simplex Wire 
& Cable Con Sidney St., 
Cambridge, Mass. ; 

L. R. Mapes, Illinois Bell 
Telephone Co., 212 W. Wash- 
ington St., Chicago, Ill. 

L. L. Bosch, ‘Columbia Engg. & 
Met. Corp., 314 West 4th St., 
Cincinnati, ‘Ohio 

John M. Smith, Nela Park, 
Cleveland, Ohio 

l<ae WG Tang, Ohio State Uni- 
ae Columbus, Ohio 
. G. Warner, Yale University, 
a Hillhouse Ave., New 
Haven, Conn. 

G. A. Dyer, Southwestern Bell 
Telephone Co., Dallas, Texas 

N.R. Love, 807 Tramway Bldg., 
Denver, Colo. 

Jess Shoemaker, Detroit Edison 
Co., 2000-2nd Ave., Detroit, 
Mich. 

G. I. LeBaron, 
Co., Erie, Pa. 

C. M. Summers, General Elec. 
Co:, Fort Wayne, Indiana 

Hezzie Clark, 2012 Melrose St., 
Houston, Texas 

C. E. Dutton, American Tel. & 
Tel. Co., 256 N. Meridian St., 
Indianapolis, Ind. 

H. B. Hoffhaus, Des Moines 
Elec. Lt. Co., 312-6th Ave., 
Des Moines, Iowa 

W. E. Meserve, 614 E. Buffalo 
St., Ithaca, News 

Bruce E. Dolch, 736 Board of 
Trade Bldg., Kansas City, 


Mo. 

J. H. Diefenderfer, Pennsyl- 
vania Pr. & Lt. Co., Hazle- 
ton, Pa. 

Philip S. Biegler, 3551 Univer- 
sity Ave., Los Angeles, Calif. 

Philip P. Ash, Louisville & 
Nashville Rd. Bldg., 9th and 
Broadway Ave., Louisville, 
Ky. 

W. K. Dickinson, General Elec. 
Co., West Lynn Works, Lynn, 
Mass. 

G. F. Tracy, Elec. Lab. Bldg., 
University of Wisconsin, 
Madison, Wis. 

W. A. Gentry, Memphis Pr. & 
Lt. Co., Memphis, Tenn. 

E. Leonarz, Jr., Apartado 2601, 
Mexico City, Mexico 

i a Illing, Milwaukee Elec. Ry. 

& Lt. Co., 380 Public Serv. 
Bldg., Milwaukee, Wis. 

H. J. Pierce, Northwestern Bell 
Telephone Co., Minneapolis, 
Minn. 

A. L. Turner, 1112 Telephone 
Bldg., Omaha, Nebraska 


General Elec. 


Journal A. I. E. E. 


LIST OF BRANCHES 


42.10. ssn ale 619 14\e.9,9) szsi isis (6016 16.o)elein a) ai euntisioistenepeneneaatanera 


Name District Chairman Secretary 
New York (3) J. B. Bassett C.R. Jones, Westinghouse Elec. 
& Mfg. Co., 150 Broadway, 
New York, N. Y. 
Niagara Frontier (1) E. S. Bundy G. W. Eighmy, General Elec. 
Se ee Elec. Bldg., Buffalo, 
North Carolina (4) E. P. Coles Marshall E. Lake, Duke Power 
oe aan Bldg., Charlotte, 
Oklahoma City (7) F. J. Meyer C. E. Bathe, Oklahoma Gas & 
Elec. Co., Oklahoma City, 
Okla. a 
Philadelphia (2) D.H. Kelly J. L. MacBurney,_ Electric 
Storage Battery Co., 1955 
Hunting Park Ave., Phila- 
delphia, Pa. 
Pittsburgh (2) _C. T. Sinclair F. A. Connor, General Elec. Co., 
ae Oliver Bldg., Pittsburgh, 
ae 
Pittsfield (1) C.H. Kline L. H. Burnham, General Elec- 
tric Co., Pittsfield, Mass. 
Portland, Ore. (9) A. H. Kreul (CAG Fick, General Electric 
Co:, Portland, Oregon 
Providence (1) J. W. Young O. W: Briden, Blackstone Val- 
ley Gas & Elec. Co., 231 Main 
St., Pawtucket, R. if 
Rochester (1) Harvey J. Klumb F. Oo Young, Stromberg-Carl- 
son Tel. Mfg. Co., 100 Carl- 
son Rd., Rochester, Nia Ye 
St. Louis (7) C. B. Fall E. A. Forkner, Wagner Elec. 
Corp., 6400 Plymouth Ave., 
St. Louis, Mo. 
San Antonio (7) D. W. Flowers Eugene Bissett, San Antonio 
Pub. Serv. Co. 201 N. St. 
Mary’s St., San Antonio, 
Texas 4 
San Francisco (8) P.B. Garrett E. A. Crellin, Pacific Gas & 
Elec. Co., 245 Market St., 
ean Francisco, Calif. 
Saskatchewan (10) W. T. Hunt A. B. Coward, Light and Power 
Dept., Regina, Sask. Canada 
Schenectady (1) E.S.Henningsen E.P. Nelson, D.C. Engg. Dept., 
General Electric Co.; Schenec- 
tady, N. Y. 
Seattle (9) C. E. Carey Philip D. Jennings, Puget Sound 
Pr. & Lt. Co., 7th and Olive 
Sts., Seattle, Wash. 
Sharon (2) S. S. Cook R. E Field, Westinghouse 
Elec. & Mfg. Co., Sharon, Pa. 
Southern Virginia (4) J. H. Berry Cecil Gray, Westinghouse Elec. 
fg. Co., 912 Electric 
Bldg., Richmond, Va. 
Spokane (9) Loren A. Traub C.F. Norberg, Washington 
Water Power Co., Spokane, 
: Wash. 
Springfield, Mass. (1) J. N. Alberti L. C. Packer, Westinghouse 
Elec. & Mfg. Co., Page Blvd., 
j Springfield, Mass. 
Syracuse (1) =F. E. Verdin Charles W. Henderson, 504 
pores Pl., Syracuse, 
Toledo (2) F. H. Dubs Max Neuber, 1257 Fernwood 
; Ave., Toledo, Ohio 
Toronto (10) D. A. McKenzie G. D. Floyd, Hydro Electric Pr. 
Comm., 190 University Ave., 
Toronto, Ont., Canada 
Urbana (5) C. E. Skroder W. J. Putnam, 123 Mat. Test. 
Lab., University of Illinois, 
Urbana, IIl. 
Utah (9) L. B. Fuller Paul Ranson, Utah Apex Mining 
; Co., Bingham Canyon, Utah 
Vancouver (10) H. Vickers C. Arnott, B. C. Electric Rail- 
way Co., Ltd., a Carrall 
: : St., Vancouver, B. C. Canada 
Washington (2) George W. Vinal Jee Carr, General Elec. Co. ie 
800-15th St. N ., Washing- 
ton, D.C. 
Worcester (1) J. K. Oldham R. P. Bullen, c/o General Elec. 
Cok, Worcester, Mass. 
Total 58 
awe ‘ : Counselor 
District Chairman Secretary (Member of Faculty) 
(2) Harmon Shively T. W. Brewster J.T. Walther 
(4) J. A. Willman ~ C. A. Brock W. W. Hill 
(4) Walter H, Croft Harold B.Hendrix F. R. Maxwell, Jr. 
(8) W. T. Brinton —— Ludy J.C. Clark 
(7) Ned S. Muse E. Wylie Head W. B. Stelzner 
(5) K. A. Knittel E. Squires D. E. Richardson 
(3) George Morton C. C. Whipple 
(2) O. R. Sterling P. Hort W. K. Rhodes 
(8) Edson C. Lee | J. L. Hall R. W. Sorensen 
(8) Frank R. Norton A. G. Forster L. E. Reukema 
(2) M. W. Smedberg G. H. Ikola G. Porter 
(2) G. A. Sanow Irwin J. Rand H. B. Dates 
£2 T. J. Dunn = G Byers? 
; enry Suter: A. M. Wilson 
(1) E. S. Whitaker . L. Brown A. R. Powers 
(4) C. E. Jarrard (Be IN Douglass S. R. Rhodes 
(6) Henry Wamboldt L. Haubrich F. L. Poole 
(6) R. Partington John Buffo W. C. DuVall 
(3) H. Reuter H. Grissler A. J. B. Fairburn 
(1) A. B. Credle John D. McCurdy 
(6) Harry H. Ward Fay Olmsted R. E. Nyswander 
(5) W. R. Moyers F. Ross H. O. Warner 
(2) E. K. Cliver G. R. Bowers E. O. Lange 
(4) R. H. Stearns H. M. Sherard W. J. Seeley 
(4) C. V. Booth E. Menendez Joseph Weil 
(4) B. L. Palmer H. A. List . W. Fitzgerald 
(9) ¥. Meneely “H. Johnson 
(5) George A. Estel A. W. Chewning . A. Fish 
(5) T. F. Taylor L. N. Miller . B. Kurtz 
(7) H. E. Trekell E. W. Bennett . G. Kloeffler 


(7) Harry Immich 


(4) S. M. Worthington 
(2) P. W. Seal 


. E. Freeman 
orland King 
. L. Beaver 
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LIST OF BRANCHES— Continued 
; Counselor 
Name and Location District Chairman Secretary (Member of Faculty) 
Lewigsiinstitatess© hicapon lle er etter aie Ace ia od ota oan é (5) G. W. Malstrom E. R. Borden F. A. Rogers 
Louisiana StatesUniv.,.BatonsRouge: asa n-). meek cciecee sre as eo opal sister (4) Fred H. Fenn R. A. Crain M. B. Voorhies 
Louisville, Univ. of, Louisville, RSV Sevarote one a SORTS Pe uaitsg Ceo a eee aie eect Ss (4) John G. Lips Wm. E. Bailey S. T. Fife 
Maine sUniversityrorsOronoy Nate. saan 1 eres seinen oe ceed us aiconet (1) A. E. Crockett H. R. Mayers W. E. Barrows, Jr. 
Marquette University, 1200 Michigan Stawvitlwamkee, WiSes ns eens tennerarlan.« (5) David Becker Edward Halback Edward Kane 
Massachusetts Institute of Technology, Cambridge, Nass ocrentet orien nate (1) G.S. Brown W. H. Timbie 
Michigan College of Mining and Technology, Houghton, Mich................ (5) C. F. Sawyer B. G. Swart G. W. Swenson 
Michigan’ State College, Bast Wansing, Mich.....:.sccceccde ses cecese seuss (5) G. R. Severance W. A. Murray 
Michigan, Uniy.of Ann Arbor. Michigan. «cic fetsslseead «cls ercleld ume on es (5) C. W. Doane B. F. Bailey 
Milwaukee, School of Engineering of, 163 East Wells St., Milwaukee, Wis (5) William P. Gainer H. F. Volkmann Oscar Werwath 
Minnesota, Univ. of, Minneapolis, Minn ot SOLER ice Pn RISE Ie a tn iS (5) Wesley D. Taylor R. C. Cady J. H. Kuhlmann 
Mississippi Agricultural & Mechanical College, A. & M. College, Miss......... (4) J. M. Leigh A. H. Peale L. L. Patterson . 
Missouri School of Mines & Metallurgy, Rolla, Mo......... 0.00.00 seve eee (7) G. W. Douglas J. D. Shelton I. H. Lovett 
Missouri Umiversity 01,0 Columbia, Ml Omecs, ccm te ove oe seein ton eee = (7) R. L. Young Walter Sevchuk M. P. Weinbach 
Montana State College, BORONIA I NTOMED «occu Aer aces ote Sand age behectekatle ners (9) Bruce Mull Wm. McKay J. A. Thaler 
Nebraska, Univ. of, Lincoln, Nebraska Pee tere cetera eis Oed oad ecinaremcee care caine ialahaws (6) V. L. Bollman W.E. Stewart F. W. Norris 
Nevada, University of, Reno, ING Va iis. Frail cae Riniere del abe ast ioleeis cele Sere (8) Francis Headley Eugene Tucker S. G. Palmer 
Newark College of Engineering, 367 High St., Newark, N. J.. (3) H. Harrison A. L. Davis J. C. Peet 
NewaHampshires Univerotylourham oN i ee eikes a ete paises cdneia sa ubuetalns (1) A. K. Whitcomb Carl B. Evans L. W. Hitchcock 
New Mexico, Univ. of, Albuquerque, Newpilexico papi creiy cei hcaia airiteonatiiuiasarts (7) C. E. Henderson S. M. Pelatowski F. M. Denton 
New York, College of the City of, 139th St. & Convent Ave., New York, N.Y... (3) Joseph Preuss Howard Klein Harry Baum 
New York University, University Heights, New York, N. ae (3) N. G. Shutt T. S. Humphrey J. L. Arnold 
NorthiCarolina State:College, Raleion, NaiCows cc. eas wobec wes cews sneews (4) RaCa Kirk J. H. Mauney R. S. Fouraker 
Worthi Carolina Univor, Chapelblile Nar Osan 2 at ee © toe Seinen areas Sheena (4) Charles Hayes J. E. Lear 
North Dakota Agricultural College, State College Station, a es IN Dies (6) R. Stockstad R. Carlson H. S. Rush 
North Dakota, Univ. of, University Station, Grand Forks, Ne Dee Be ae eee (6) C. J. Breitwieser R. C. McConnell H. F. Rice 
Northeastern University, 316 Huntington Ave. Tp OSCON Ha muViaASS ite ceideernsae soe ei (1) A. K. Wright Pee popes W. L. Smith 
Notre Dame, Univ-cot,. Notre: Dames Indiana ..0.5.40n neteioud se me He vans aemeee (5) Earl Brieger H. J. Perry J. A. Caparo 
Ohio Northern University, WdarOhion Paes ae ee ah Ci nA ha ats biebaceecialedy sheds tlscin (2) D. Pringle H. L. Hartman 
Ohio State University, Columbus, ODIO cere ec ee eee a increas (2) G. F. Leydorf R. W. Steenrod F. C. Caldwell 
ORIOMURIVErSILVs PAE NENSe OliOns ome ree ese Oe tee kOe aimee salem s Bre aus are ies (2) T. A. Elder Jess W. Best, Jr. 
OkiahoniayA.7 & vi College, ‘Stillwater, Okla: 254.65. heenn sects oe nee (7) Paul H. Foster Merle C. Brady A. Naeter 
OrlahomasuUnive of, wNorman, Ola, it nore cust copratcue ct arate sanielans aces soos see sheners (7) G. S. Hammonds F. G. Tappan 
Oregon State College, Corvallis, Oregon................00005 (9) H. Glen Barnett Gordon N. Smith F. O. McMillan 
Pennsylvania State College, State College, Pa (2) W. C. Mason W. J. Woo 
Pennsylvania, Uaiv.cOl, Philadelphia, Paws. cco ..c5 so cast Sime oretsn ean ane hie ete tee (2) R. R. Creighton N. Smith 
Pittsburgh, Univ. of, Pittsburgh, AEE i OR Pe ode sie tanta Tene ere citer ory aie neon (2) W. A. Aeberlie G. L. Bolender H. E. Dyche 
Pratt Institute, Brooklyn, IN RR ay ty So Cite ae en ec cede een A (3) J. Es ‘Coo J. A. Hoag G.iGiCarr 
PrincetonsUniversity, erinceton, Ni Ji. ck os oe ce bbls susie eneloee see eb ems (2) C. F. Nesslage N. T. Humphrey M. MacLaren 
Burdue University, slatayette, Undianas Ssteucs arcsec ccs oa boron ver)arsnstate crits eye dtotren. (5) A. Simon C. B. Bruse A. N. Topping 
Rensselacn Polvrechnie (Sts, 1 LO Vis UN Vic erinnie ener ocr ae) cies s onooemessntieoere ern ace. host Oke (1) C. E. Keeler E. M. Lockie F. M. Sebast 
Rhode-Isiand State College; Kingston Ril. .2 2.6 des ou oe ee sp ee sd uA ere (1) Wm. Anderson 
Rose Polytechnic Institute, Terre Haute, Indiana.............00c00ceeccnseee (5) D. E. Henderson J. H. Corp (os e Knipmeyer 
Rutgers Universitcs New Brunswick, Ne Qonges scsi vs cus Ope mavety os hs eee bo ars (3) G. E. Weglener E. R. Crawford P. S. Creager 
Santa Clara, Univ of, Santa Clara, Caliper ee Pe pee a wo ote to re aa a0 (8) T. L. Selna J. D. Gillis 
South Carolina, Univ. of, Columbia, Soe Coen ares) ene anew cy p oeenin eee beet maiueeres (4) H. L. Stokes Anderson Riley T. F. Ball 
South Dakota State School OfeNhines wa pi GuCIt Views secretes e euatueleus reais euch (6) C. Laws C. Spilker J. O. Kammerman 
South Dakota, Univ. of, Vermillion; Os Dyess pene ssa ve swe cenevewarees Pre (6) Myron Cole | Carl Bauman B. B. Brackett 
Southern Catifornia, Univ. OL cospAn pelos (Calif, ast catch Srotctecueneedl cual fiders-al oveuene (8) Rodney Lewis j. G. Ellis Wm. G. Angermann 
Southern Methodist University, Tas a OXAS oye rite Seek y ree ace Rees eee (7) B. J. Beaird D. J. Tucker H. F. Huffman 
Stanford) University, Stanford University, Califiecss « o..05 6c ce cate dee wees (8) V. Siegfried G. E. J. Jamart T. H. Morgan 
Stevens institute of Technology, Hobokenj,oN. Jc c i. nwt ce es ee ee et (3) G. M. Border G. J. Costello F. C. Stockwell 
Swarthmore College, Swarthmore, Parise ces. cece weasels ee 2 se Slerevdg ls quae ed (2) Lewis Fussell, Jr. Robert H. Lamey L. Fussell 
SyracdsesU niversityauouracusen iN Visnstinisatee owiser cmv serum Ao tentcnnvcanrndits + (1) . A. MacGregor M. J. Wright C. W. Henderson 
MenmnesGee. MUMIV1Cl, BHOxVie, LMR. 6 fcc fseccce ce os ea craw ese os endley war div ee (4) A. M. Howery J. G. Tarboux 
mexas, A. aM Collegeof, College Station, Tex 040.56 ware he eee ae ete ee (7) T. M. Sowell H. C. Dillingham 
mexas: Lechnological College; Laibbock,, LexaSs sine soir aie .cvchetowecetnis ee eee ntavaue. ea (7) W. E. Street : W. L. Pearson Wm. J. Miller 
PLEXAS, MOMVETSILY “Ol wATIStIN: “CORAS ec itie trinis so nels ely be cheno Alcs tue tse teeters (7) E. W. Toepperwein Wm. Webber J. A. Correll 
Wianw mivercityrotmoaltpvake City. WiGal scm cals ccit wie. lane ol leutusne raver ofa eet-eidye wReneyepels (9) Fred Lundberg Sa Bohne J. H. Hamilton 
Werimont, UNIVersity, Of. Diirlinegton, Vbeseomiecastes ck. day rwacuensd wie uri miei oo aan ane (1) R. F. Bigwood ae Thomas L. P. Dickinson 
Virginia Military, instituvewWexin tons, Va sade < co cs teers 0 3). are. slinye ovelisleug sie aieeue ane (4) W. T. Saunders so Tite te S. W. Anderson 
Virginia Polytechnic Institute, Blacksburg, Va.. (4) C. V. West Note Claudius Lee 
Virginia, University of, University, Va........ (4) H.R. Holt C. H. Dickinson W. S. Rodman 
Washington, State College of, Pullman, Wash eae aa (9) L. Engvall E. W. Gra O. E. Osburn 
WiASHIngLOnUMIVErSity., Ob-0 LOIS) MIG rie ay ert sisese Satu ctar niles oud: eet susustte se) wpslisusestesl sliats (7) P. Grivet H. G. Hake 
Washington, Universitysofs seattle: Wash). foq.c. saci crate bon oie antes one ove el eps (9) K. H. Ellerbeck F. Buckman G. L. Hoard 
West Virginia University, Morgantown, W. Va..........2.00.0 cece ee eeeeeeee (2) C. E. Moyers G. H. Hollis A. H. Forman 
Wasconsin» University-of; Madison, WiSs.- > cosas ace ce fe te ow Se eats sede ee (5) G. H. Brown A. Norman O'Neill C. M. Jansky 
Worcester Polytechnic Inst., Worcester, Wags fst siete aneurin (1) Albert M. Demont William Sinclair J. O. Phelon 
Wyoming, University of, Laramie, WiyODlInGy chee mact ia i eaneoin itt (6) J. Earl Mowry G. H. Sechrist 
Yale University, New Haven, (Cley chiclt, 1:5 imine On RR Bee a EE OC ATT EMC oro (1) E. R. Eberle R. S. Newhall, 2nd W. B. Hall 
Total 105 
AFFILIATED STUDENT SOCIETY 

Brown Engineering Society, Brown University, Providence, R.I..............00. 
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Number Author Title 

[>] PIV bire AR ADEN OVa ie Sek eee Cue ke ce Cn eng iin tee cones Mere Areing Grounds and Effect of Neutral Grounding 
Impedance 

PSO 70M SRV ke noo oc hoe ae aoe The Calculation of Cable Temperatures 

[] 30-76 H.L. Hazen, O. R. Schurig and M.F.Gardner......... The M. I. T. Network Analyzer 

CT] SOLO ive HS rOWlioesnriice reenter ron aoe epee eaten ees .Railbonding Practise and Experience on Electrified 
Steam Railroads 

a 0 al OG =e Wilbocke dice teen tie tiles wie eter ce tiehonts ene ees cleus The Effect of Transient Voltages on Dielectries—IV 

[_] 30-116 C.B. Grady, W. H. Lawrence and R. H. Tapscott...... The Kast River Generating Station 

ESO SLRS WoL CeOlas it ee nat Banat nes oa Transmission System Relay Protection—III 

PetGO= Fae Pee Cricitonmis 80.) 2s Se oe alse cee one hoe ae High-Speed Protective Relays 

C] B0S14G 0s Hh edee Viorel sand J) KenelLodnetter..-.ec-cr ale a arciacle Grounding Banks of Transformers with Neutral 
Impedances 

PCS oh A aeRO WO roll te et ue le on desicens Steam Power Development 

L] SNoIIA): As CAI RSE ooo aban dt how hb ote ome eoogo moos don Calculation of Mechanical Performance of Oil Cireuit 
Breakers 

CJ Oa leer Oe ee Nat ene ee ee te eR dencoorrongiataniss.. ott ters New Trends in Mercury Are Rectifier Developments 

eS st 5 teak dsOorliold et oct aoe ec cee erie n ese oils wee Electricity’s Part in Open Cut Copper Mining 
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NEW CATALOGUES AND OTHER PUBLICATIONS 
Mailed to interested readers by issuing companies 


Traffic Signals.—Bulletin GEA-566B, 20 pp. Describes 
“Novalux’’ electric traffic signals. General Electric Company, 
Schenectady, N. Y. 

Floodlighting Projectors.—Bulletin GEA-161F, 28 pp., 
deseribes ‘‘Novalux’’ floodlighting projectors and their applica- 
tions. General Electric Company, Schenectady, N. Y. 

Electric Equipment for Cranes.—Bulletin GEA-1210, 32 
pp. Describes electric equipment for cranes and illustrates 
typical applications. General Electric Co., Schenectady, N. Y. 

Switchboard Instruments.—Catalog AE-48, describes the 
entire line of Roller-Smith switchboard type instruments; direct- 
current, alternating-current, thermocouple and instrument 
transformers. Roller-Smith Company, 12 Park Place, New York. 

Die-Castings.—Bulletin, 24 pp. Describes and illustrates 
the use of aluminum alloys in die-castings for a wide range of 
applications. The properties of the metal and factors in die- 
easting are also defined. Aluminum Company of America, 
Oliver Building, Pittsburgh, Penna. 

Temperature Control Gauges.—Bulletin TB-18, 8 pp., 
describes Trent automatic temperature control gauges for 
stabilizing industrial heat processes at any point up to 1000 deg. 
fahr. Harold E. Trent Company, 439 North 12th Street, 
Philadelphia, Penna. 

Terminal Electrification.—Bulletin GEA-1228, 12 pp., 
entitled ‘‘Cleveland Union Terminal Electrification.’ This 
preliminary bulletin describes the locomotives, substation ap- 
paratus, control, signal and protective equipment for this proj- 
ect. General Electric Co., Schenectady, N. Y. 

Automatic Control.—Bulletin, 32 pp., entitled ‘‘The Era 
of Automatic Control.’’ Illustrates the applications of Brown 
instruments in many industries in the automatic control of 
temperatures, pressures, flows, liquid levels and speeds. The 
Brown Instrument Company, Philadelphia, Penna. 

Carrier-Current Telephony.—Bulletin GHA-546A, 12 pp. 
An elementary explanation of the operation of single-frequency, 
duplex, carrier-current telephone equipment as applied to high- 
voltage transmission lines. General Electric Co., Schenectady, 
ING, 

Enclosed Motors.—Bulletin 2124, 4 pp., describes a new line 
of Allis-Chalmers totally enclosed, fan-cooled induction motors, 
squirrel cage type “ARZ,” particularly adapted for use in loca- 
tions where dust, fumes or moisture tend to shorten the life of 
motor windings. Allis-Chalmers Manufacturing Company, 
Milwaukee, Wis. 

Air Operated Control! Equipment.—Catalog 4000, 20 pp. 
Describes the new line of Bristol’s air operated control equip- 
ment, applicable in many industries. In power plants, it may be 
used in stack temperature control, steam pressure regulation and 
for draft and damper control. The Bristol Company, Water- 
bury, Conn. 

Pyrometers.—Catalog 15A, 104 pp. Describes Brown 
indicating, recording and automatic control pyrometers; pro- 
fusely illustrated. A comprehensive resume of the theory and 
practise of applied pyrometry is presented, together with de- 
seriptions and illustrations of all instruments, thermocouples, 
protecting tubes and other required equipment. Brown Instru- 
ment Company, Philadelphia, Penna. 

Sag Meter.—Bulletin, 8 pp., describes a new instrument, 
manufactured by the Askania Werke, A. G., in Germany, for 
measuring the definite amount of sag of individual spans and 
other distances that have to be determined on transmission lines, 
as distances of cables from railways, roads, rivers and wires of 
crossing lines, ete. American Askania Corporation, 622 Marine 
Bank Building, Houston, Texas. 

Arc Welding of Structural Steel.—Bulletin 1879, 32 pp. 
The subjects covered include the strength of welded joints, 
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design data, test and inspection data, building code, estimating 
costs and bridge specifications. There are, in addition, numerous 
illustrations, a review of the progress made in structural are 
welding and a discussion of future and possible developments. 
Westinghouse Electric & Manufacturing Company, East Pitts- 
burgh, Penna. 

Oil Circuit Breakers.—Bulletin 35, 16 pp. Describes 
Pacific Electric floor mounted oil cireuit breakers for use on 
systems operating at voltages from 69 kv. to 230 kv. Interrupt- 
ing capacities of these breakers range up to 2,500,000 kv-a. 
They are the first circuit breakers to be equipped with roller- 
bearings on the control shaft. Pacific Electric Manufacturing 
Corporation, 5815 Third Street, San Francisco, Calif. 

Time Switch.—Folder, 8 pp. Describes the new Sangamo 
time switch, recently placed upon the market, which combines the 
experience of the Sangamo Electric Company, manufacturers of 
Sangamo watthour meters, and Hamilton, long-known as makers 
of precision watches. These time switches are available for any 
commercial voltage or frequency, alternating or direct current. 
The Sangamo time switch is the first step in the company’s plan 
for a complete line of these instruments. It is also planned to 
include astronomical control in the development program. 
Sangamo Electric Company, Springfield, Ill. 
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General Cable Now One Unit.—Effective October 1, 1930 
the sales, manufacturing and accounting operations of the follow- 
ing companies, which have operated as separate divisions, will 
be combined into a single organization—General Cable Corpora- 
tion. These companies were the A-A Wire, American Insulated 
Wire & Cable, Detroit Insulated Wire, Dudlo Manufacturing, 
Peerless Insulated Wire & Cable, Phillips Wire, Rome Electrical, 
Rome Wire, Safety Cable, Standard Underground Cable, and 
Southern States Cable. A complete electrical wire and cable 
sales and engineering service is now available through 22 Gen- 
eral Cable offices. 

Cable Connector.—The Burndy Engineering Company, 
Inc., 230 East 45th Street, New York, has announced a eable 
connector for wires, cables and rod that, when once installed, can 
be locked. It is made of two parts and constructed of forged 
copper so that it will not corrode when exposed outdoors. It is 
also so designed that it will not nick the cable and invite ac- 
celerated breakage, since many installations are outdoors where 
they sway in the wind. 

A Dry Electrolytic Condenser.—A new, self-healing, high- 
voltage electrolytic condenser has been placed upon the market 
by the Concourse Electric Co., 294 Kast 137th Street, New York. 
The condenser is made in several types and is absolutely dry, andits 
makers claim that it has a better power factor efficiency than the 
old type condenser. It is reeommended especially for operation 
under peak loads of 500 or more volts. Capacities range from 
1 MFD or less to 200 MFD or more. 

Westinghouse Orders.—Recent orders placed with the 
Westinghouse Electric & Manufacturing Company include two 
196/230 kv. oil cireuit breakers with a published interrupting 
capacity of 2,500,000 kv-a., for the Southern California Edison 
Company. The shipping weight, including the oil, will be 
246,000 pounds per breaker, and the quantity of oil used will be 
16,200 gallons for each breaker. The Pacific Gas & Electric 
Company has placed an order for two oil cireuit breakers, rated 
at 1200 amperes and 196/230 kv., with a published interrupting 
capacity of 1,500,000 kv-a., at 230 kv. 

The New Kanawha Power Company, a subsidiary of the 
Union Carbide & Carbon Corporation, has awarded a contract to 
the Westinghouse Company for four 30,000 kv-a., 3-phase, 
6900-volt, 25-cyele, 150 r. p. m., vertical water wheel generators 
with direct connected and pilot exciters. The generators will be 
installed on the New River, West Virginia. 


